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Opinion 031/2025 

 

 

3 September 2025 

High single doses of vitamin D via food 
supplements at intervals of days or weeks 
associated with health risks 
The effects of combination preparations 
containing high doses of vitamins D and K2 have 
yet to be truly studied 

 

 

In brief  

- Food supplements containing vitamin D are available in various dosages. 

Preparations are also available in which very high single doses ("bolus doses") of 

vitamin D are to be taken at intervals of several days to weeks. Some preparations 

also contain vitamin K2. 

 

- High bolus doses of vitamin D (e.g. 500 micrograms (µg) every 20 days) can lead to 

vitamin D concentrations in the blood that, according to studies, pose health risks, 
especially for people who already have a very good supply of vitamin D. 

 

- Studies have shown that taking very high bolus doses of vitamin D can increase the 

risk of, for example, falls and bone fractures. Other studies have found neither 

health impairments (at lower doses in some cases) nor health benefits. 

 

- According to the German Federal Institute for Risk Assessment (BfR), food 

supplements that are to be taken as bolus doses at specific intervals also pose a 

problem in that they increase the risk of improper intake. This means that they 

may be taken more frequently than intended, e.g. daily instead of every 20, 10 or 
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7 days. This increases the risk of health impairments. 

 

- For cases in which supplementation is necessary, the BfR recommends taking a 

lower-dose preparation daily. The BfR recommends a maximum amount of 20 µg 

of vitamin D per daily dose in food supplements, as this is not expected to pose 

any health risks in the long term, even when other sources of vitamin D are taken 

into account. Bolus doses of vitamin D and vitamin K should only be taken on 

medical advice and under medical supervision.  

 

- This opinion assesses the intake of high bolus doses of vitamin D via food 

supplements. It does not apply to medical drugs containing vitamin D in different 

doses and with different application regimens, which may be prescribed by a 
doctor for certain diseases, for the prevention of diseases or in cases of deficiency. 

 

- From a legal perspective, food supplements are considered food. Unlike medical 
drugs, food supplements are not subject to an official approval process. 

How do bolus doses of vitamin D and K enter the body? 

  

 

High bolus doses of vitamins D and K2 are taken orally, for example by taking a 

high-dose food supplement. 

  
Is there a recommended daily guidance value? 

  

 

The tolerable upper intake level (UL) for vitamin D from all sources is 100 

micrograms (µg) per day for adults. This amount can be taken daily for a lifetime 

without any health impairments.  

However, the tolerable upper intake level does not apply to high bolus doses, as 

these should not be taken daily, but at intervals of several days or weeks. 

  
Is there a health risk? 

  

 

Several studies found that vitamin D levels in the blood that can be achieved by 
administering high bolus doses were associated with an increased risk of health 

impairments. 
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What is the quality of the data? 

    
  

 

The quality of the data is moderate. Some important data is missing or 

contradictory. For example, there is a lack of evidence on the combined bolus 

administration of vitamin D and vitamin K2. Furthermore, not all commercially 

available specific dosages of vitamin D and K2 have been studied scientifically. 

  
    
How can the health risk posed by vitamin D and K2 supplements be reduced?  

  

 

The BfR has developed maximum intake recommendations for vitamin D and 

vitamin K2 (as well as for all other vitamins and minerals) that can be used as a 

basis for legal maximum intake levels. The European Commission is currently 

developing EU-wide maximum intake levels for vitamins and minerals in food 

supplements and enriched food. 

  
  

 

Manufacturers can already take the BfR recommendations for maximum levels of 

vitamins in food supplements into account. 

Food supplements containing vitamin K should carry a warning stating that people 

taking anticoagulant medication should seek medical advice before taking them. 

  
  

 

Consumers can refrain from taking food supplements with high bolus doses of 

vitamin D. If necessary, the BfR recommends taking a lower-dose preparation daily 

(recommended maximum amount in food supplements: 20 µg vitamin D per daily 

dose). 

Patients taking oral anticoagulants of the coumarin type (vitamin K antagonistic) 

are advised to keep their vitamin K intake as constant as possible and to only use 

food supplements containing vitamin K under medical supervision.  

 

   

1 Subject of the assessment  

In this opinion, the German Federal Institute for Risk Assessment (BfR) has examined 

whether the intake of food supplements containing high bolus doses of vitamin D, including 

in combination with high doses of vitamin K2, at longer intervals poses any health risks. 
Various doses of commercially available products were assessed: 

1. Vitamin D3 with a recommended intake of 175 µg every 7 days. 

 

2. Vitamin D3 + vitamin K2 in combination as a bolus dose with a recommended intake 

of 250 µg vitamin D3 and 200 µg vitamin K2 every 10 days. 

 

3. Vitamin D3 + vitamin K2 in combination as a bolus dose with a recommended intake 

of 500 µg vitamin D3 and 200 µg vitamin K2 every 20 days. 
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2 Result 

Vitamin D supplements are available for daily use, but there are also supplements that are 

intended to be taken in high doses as a bolus at weekly, monthly or other intervals. Several 

studies have investigated the efficacy of daily vitamin D doses compared to bolus doses in 

terms of maintaining optimal vitamin D levels and health endpoints. However, the results 

are inconsistent and depend on the population studied and the respective dosage regimen.  

With regard to the dosages and intake regimens assessed, it can be stated that no studies 

could be identified in which the health effects of 175 µg vitamin D every seven days or 250 

or 500 µg vitamin D and 200 µg vitamin K2 were investigated with the intended intake 

intervals of 10 or 20 days. For the risk assessment, pharmacokinetic aspects of vitamin D 

metabolism and results from human studies in which bolus doses of vitamin D were given at 

intervals that were relatively close to those evaluated here were therefore used. The 

following conclusions can be drawn from these studies, although there is uncertainty as to 

whether the health effects derived from them would also be induced by the dosages and 

time intervals of intake assessed here: 

Taking into account a half-life of the vitamin D storage form 25-hydroxyvitamin D (25-OH-D) 

of more than 20 days, a bolus dose of 500 µg (20,000 IU) vitamin D3 every 20 days in 

individuals who are more than adequately supplied with vitamin D, i.e. who have 25-OH-D 

levels above 70 nmol/l or 28 ng/ml, could contribute to an increase in 25-OH-D serum levels 

to around100 nanomoles (nmol)/litre (l) (40 nanograms (ng)/ml). Serum levels of 25-OH-D 

above 100 nmol/l were associated with negative health effects and increased overall 

mortality in intervention and observational studies. 

Taking 250 µg (10,000 IU) of vitamin D every 10 days or 175 µg (7,000 IU) of vitamin D 

every 7 days would, with a high probability, not result in serum levels of 100 nmol/l (40 

ng/ml). Therefore, these dosage/intake regimens carry a lower risk of adverse health effects, 
such as the occurrence of hypercalcaemia. 

Regardless of the intake intervals, high bolus doses of vitamin D are expected to cause 

significant fluctuations in the serum levels of the parent substance cholecalciferol, which 

may be associated with undesirable effects such as the impairment of the induction of 

immunologically active substances. 

There is currently no information available on the health effects that could result from a 

combined bolus dose of vitamin D and 200 µg vitamin K2. Even though the available studies 

suggest that vitamin K2 poses a low health risk to the general healthy population, vitamin K2 

is approximately 3.5 times more potent than vitamin K1 in attenuating the therapeutic 

effect of oral anticoagulants of the coumarin type (vitamin K antagonists). Patients 

undergoing such drug therapy are advised to keep their vitamin K intake as constant as 

possible and to use food supplements containing vitamin K only under medical supervision. 

In particular, large fluctuations in vitamin K intake – such as those that would occur with a 

food supplement containing 200 µg of vitamin K2 every 10 or 20 days – therefore pose a 

high health risk for this group of people. To reduce this risk, the BfR recommends a 

maximum daily intake of 25 μg of vitamin K2 in food supplements (for persons aged 15 and 

over). Food supplements containing vitamin K should also carry a warning stating that 

persons taking anticoagulant medication should seek medical advice before taking them. 
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Further studies are needed to investigate the (long-term) effects of supplements containing 

vitamin K2 in the form of menaquinone 7 (MK-7) in healthy individuals, either alone or in 

combination with vitamin D. In particular, further clinical data on the interaction of vitamin 

D and vitamin K2 or MK-7 in metabolism is urgently needed before a reliable risk assessment 

of the combination of high-dose vitamin D and vitamin K2 can be carried out. 

Finally, it should be noted here that food supplements that are to be taken at intermittent 

intervals carry a high risk of misuse. Depending on the dose and the interval between doses, 

misuse of the products is associated with a high risk of serious adverse health effects. In the 

opinion of the BfR, bolus doses of vitamin D and K2 should only be taken on medical advice 

and under medical supervision. This appears difficult to implement with food supplements, 

which is why the products, especially the highest-dose product (500 µg (20,000 IU) vitamin 

D3 every 20 days), pose a high health risk due to the possibility of misuse. 

3 Rationale 

3.1 Risk assessment 

3.1.1 Hazard identification 

3.1.1.1 Vitamin D 

Vitamin D refers to a group of over 50 metabolites that are formed from cholesterol via a 

complex cascade of enzymatic and non-enzymatic reactions (Alonso et al., 2023). The 

individual metabolites differ greatly in their plasma concentrations and biological activities. 

Cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2) are the two main forms of 

vitamin D. Vitamin D3 is mainly synthesised in human skin under the influence of sunlight or 

comes from animal sources such as fatty fish or egg yolk. In contrast, vitamin D2 is obtained 

exclusively from plant-based foods such as mushrooms. Overall, the usual nutrition 

contributes only 10 to 20 % of the human vitamin D supply (Holick, 2007; Linseisen et al., 

2011). Higher intake amounts are possible through dietary supplements.  

Vitamin D consumed through food is absorbed in the small intestine, incorporated into 

chylomicrons and released into the bloodstream via the lymphatic system. As a fat-soluble 

vitamin, vitamin D can be stored in fat cells and released again. In the bloodstream, vitamin 

D3 (cholecalciferol) and D2 (ergocalciferol) bind to vitamin D-binding protein (VDBP) and are 

transported to the liver. There, they are hydroxylated by the cytochrome P450 enzymes 

CYP2R1 (microsomal) and CYP27A1 (mitochondrial) at carbon atom 25, forming 25-

hydroxyvitamin D (25-OH-D) – also known as calcidiol (Alonso et al., 2023), which is also 

bound to VDBP. 25-OH-D is the most common metabolite in the body, which is considered 

to be the storage form of vitamin D and is the precursor of biologically active vitamin D 

(1α,25-(OH)2-D) – also known as calcitriol. The 1α,25-(OH)2-D produced in the kidney acts as 

an endocrine modulator of calcium homeostasis (Prentice et al., 2008). This active 

metabolite increases serum calcium levels by increasing calcium absorption from the small 

intestine, reducing shedding from the kidneys and mobilising calcium from the bones 

(DiGirolamo et al., 2012; Holick, 2007).  

However, cholecalciferol is transported not only to the liver but to all body tissue. The intake 

of cholecalciferol into various cell types is thought to be easier than that of 25-OH-D, as 

cholecalciferol is less strongly bound to VDBP (Hollis and Wagner, 2013). In addition, most 
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tissue contains both 25-hydroxylase and 1α-hydroxylase, so that the active metabolite 

1α,25-(OH)2-D can also be produced extra-renally, where it acts mainly autocrinally or 

paracrinally and generally does not enter circulation (Alonso et al., 2023; Hansdottir et al., 

2008; Hollis and Wagner, 2013; Prentice et al., 2008). There is evidence that the induction of 

some immunologically effective substances, such as cathelicidins1 , may depend on the 

regular intake of absorbable cholecalciferol (Hollis and Wagner, 2013; Mazess et al., 2022).  

3.1.1.2 Vitamin K2 

According to Annex II of EU Regulation (EC) No. 1925/2006, food, including food 

supplements, may contain, in addition to vitamin K1, a specific vitamin K2 preparation 

obtained from Bacillus subtilis natto, which was assessed by EFSA in 2008 as part of the 
novel food procedure (see also 3.1.2.2). 

Vitamin K2 is therefore only permitted in the EU in the form specified in European 

Commission Decision 2009/345/EC2. 

3.1.1.3 Synergistic effects of vitamin D3 and vitamin K2 

Synergistic effects of vitamin D and K2 result from the fact that both fat-soluble vitamins 

play a central role in maintaining calcium homeostasis and bone mineralisation. Increased 

carboxylation of osteocalcin by vitamin K promotes the incorporation of calcium into the 

bones, while vitamin K-dependent carboxylation of matrix GLA protein binds calcium in the 

blood vessels. Vitamin D thus increases serum calcium levels, while vitamin K promotes the 

flow of calcium from the serum into the bones (Gröber and Kisters, 2018). Due to the 

synergistic effects of vitamins D3 and K2, the two vitamins are often used together in food 

supplements. 

3.1.2 Hazard characterisation 

3.1.2.1 Vitamin D 

Vitamin D when taken daily 

The health effects of high or excessive vitamin D intake through daily supplementation have 

already been discussed in detail in BfR Opinion 065/2023 of 7 December 2023 (BfR, 2023). 

This statement also pointed out that EFSA updated its risk assessment and derived a 

tolerable upper intake level (UL) for vitamin D in 2023 (EFSA, 2023). While the EFSA 

assessment from 2012 used hypercalcaemia as an indicator of vitamin D toxicity to derive a 

UL for vitamin D (EFSA, 2012), the current assessment also takes hypercalciuria into account, 
as this indicates excessive vitamin D intake earlier than hypercalcaemia (EFSA, 2023).  

The current EFSA opinion was not able to identify any No Observed Adverse Effect Level 

(NOAEL), only a Lowest Observed Adverse Effect Level (LOAEL) based on two studies in 

which daily administration of 250 µg vitamin D in combination with calcium over one or 

three years led to persistent hypercalciuria (Aloia et al., 2018; Billington et al., 2020, both 

 

1 Cathelicidins are antimicrobial peptides secreted by epithelial and immune cells (Burkes et al.; 2019).  
2 2009/345/EC: Commission Decision of 22 April 2009 authorising the placing on the market of Vitamin K2 (menaquinone) 
from Bacillus subtilis natto as a novel food ingredient under Regulation (EC) No 258/97 of the European Parliament and of the 

Council (https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009D0345)  
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cited in: EFSA, 2023). As no NOAEL could be identified, the UL was derived using an 

uncertainty factor of 2.5.  

For adults, including pregnant and breastfeeding women, as well as for children and 

adolescents aged 11 to 17, the UL was set at 100 µg (4,000 IU) per day, and for children aged 

1 to 10, at 50 µg (2,000 IU) per day. For infants under six months of age, the EFSA derived a 

UL of 25 µg (1,000 IU) per day and for infants aged seven to under twelve months, a UL of 35 

µg (1,400 IU) per day (EFSA, 2023). The current EFSA ULs remain therefore unchanged from 

those in 2012. 

By definition, the UL describes the amount of a micronutrient that can be consumed daily 

from all sources for a lifetime without causing any adverse health effects 

(https://www.efsa.europa.eu/de/glossary/tolerable-upper-intake-level). The UL is therefore 

not applicable to bolus doses of vitamin D. 

Pharmacokinetics of vitamin D after bolus administration 

a) 25-hydroxyvitamin D (25-OH-D)  

25-OH-D is the storage form of vitamin D in the body and is produced in the liver (Alonso et 

al., 2023). Due to its relatively high serum concentration in the nanomolar region and the 

long half-life of 25-OH-D (10 to 40 days) (Datta et al., 2017; Jones et al., 2014b), 25-OH-D is 

also considered a robust biomarker for determining vitamin D status (Alonso et al., 2023). 

However, the half-life can vary greatly from person to person (Datta et al., 2017; Jones et al., 

2014b). 

High bolus doses of vitamin D lead to a rapid increase in 25-OH-D levels, which can reach 

values > 75 nmol/l in the first few weeks, depending on the basal serum concentration and 

the dose. However, the increase is only temporary with single doses and levels usually 
return to baseline after about three months.  

Intermittent vitamin D administration at intervals of three or more months can lead to 

significant fluctuations in 25-OH-D levels. In contrast, daily vitamin D administration leads to 

a gradual and continuous increase in 25-OH-D levels without major fluctuations (Kearns et 

al., 2023; Ketha et al., 2018; Romagnoli et al., 2008; Vidal et al., 2024).  

b) Cholecalciferol (vitamin D3) 

After a bolus dose of cholecalciferol, the concentration of cholecalciferol in serum rises very 

steeply within a day and then falls rapidly again due to its short half-life of about 20 hours 
(Ketha et al., 2018; Mazess et al., 2021).  

Due to the short half-life of cholecalciferol, even weekly bolus doses of vitamin D would lead 

to significant fluctuations in serum cholecalciferol concentration. 

c) 1α,25-dihydroxyvitamin D (1α,25-(OH)2-D) 

Only in the kidney is 25-OH-D metabolised by 1α-hydroxylase CYP27B1 into the active form 

calcitriol (1α,25-dihydroxyvitamin D; 1α,25-(OH)2-D) (Jones et al., 2014a).  

At four to six hours, the half-life of 1α,25-(OH)2-D is very short. Under physiological 

conditions, however, serum levels of 1α,25-(OH)2-D remain largely constant due to the strict 

regulation of calcium and phosphate homeostasis (Latic and Erben, 2021).  

https://www.efsa.europa.eu/de/glossary/tolerable-upper-intake-level
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d) 24,25-dihydroxyvitamin D (24,25(OH)2-D) 

An important component of the homeostatic control of serum calcium levels is the 

catabolism of 25-OH-D (Herrmann, 2023) to replace excessive serum levels of the active 

metabolite 1α,25-(OH)2-D. The breakdown of 25-OH-D is induced by 24-hydroxylation via 
CYP24A1, which leads to the formation of the inactive vitamin D metabolite 24,25(OH)2-D.  

High bolus doses of vitamin D (as well as high daily intakes) and the resulting rapid increase 

in 25-OH-D can also lead to a sustained increase in 24-hydroxylase CYP24A1 activity over 

several months, with equally long-lasting elevated 24,25(OH)2-D concentrations (Ketha et al., 

2018; Owens et al., 2017). This ultimately leads to a reduction in the previously increased 

active metabolite 1α,25-(OH)2-D (Owens et al., 2017). 

In a study by Owens et al. (2017), 46 male athletes were administered either 35,000 IU (875 

µ ) or 70,000 IU (1,750 µg) of vitamin D per week over a period of 12 weeks. After 

discontinuing the vitamin supplements, the athletes were observed for a further six weeks. 

In the 35,000 IU group, 25-OH-D levels rose from 85 nmol/l (34 ng/ml) to 108 nmol/l (43 

ng/ml) after six weeks and in the 70,000 IU group from 86 nmol/l (34 ng/ml) to 122 nmol/l 

(49 ng/ml). In week 12, the 25-OH-D level in the high-dose group was on average 10 % to 

15% higher than in the group that had received the lower dose. In both groups, a significant 

increase in 24,25(OH)2-D concentration was observed in the sixth week, which continued to 

rise and led to an increase of 2.4% in the 70,000 IU group compared to 0.4 % in the 35,000 

IU group by week 12. The increased 24,25(OH)2D level persisted for six weeks after 

discontinuation of vitamin D supplementation, suggesting long-term induction of 24-

hydroxylase CYP24A1. Accordingly, serum levels of the previously elevated active metabolite 

1α,25-(OH)2-D decreased again. The authors also speculate that 24,25(OH)2-D binds to the 

VDR and subsequently reduces the biological activity of 1α,25-(OH)2-D (Owens et al., 2017). 

In another study involving 40 breastfeeding mothers, the effects of a single dose of 150,000 

IU (3,750 µg) of vitamin D3 were compared with a daily dose of 5,000 IU (125 µg) over 28 

days (identical cumulative dose, but administered daily) (Ketha et al., 2018). This study 

showed that the bolus dose led to significantly higher 25-OH-D concentrations in the first 15 

days compared to daily intake. Within the first 3 days after bolus administration, the 25-OH-

D concentration rose from an initial 73 nmol/l (29 ng/ml) to a maximum of 125 nmol/l (50 

ng/ml) and then slowly declined again. After 28 days, the 25-OH-D concentrations in the 

bolus group were around 100 nmol/l (40 ng/ml) and in the other group around 107 nmol/l 

(43 ng/ml). Although there was little difference in 25-OH-D concentrations between the two 

groups after 28 days, differences were observed in the increase in 24,25(OH)2-D: After bolus 

administration, the concentration of 24,25(OH)2-D increased by approximately 50 %, and 

after daily administration by only approximately 30 %; the increased concentrations 

remained stable for at least 28 days (last measurement point) after vitamin D administration 

(Ketha et al., 2018).  

The available data suggest that the availability of active 1α,25-(OH)2-D in individual tissue 

depends on the balance between activating 1α-hydroxylase (CYP27B1) and inactivating 24-

hydroxylase (CYP24A1). A single megadose of vitamin D can disrupt this strict hormonal 
control and thus increase the risk of adverse effects (Vidal et al., 2024). 

e) Fibroblast growth factor 23 (FGF23) 
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Fibroblast growth factor 23 (FGF23), which is mainly produced in osteoblasts and osteocytes 

in the bone, also plays an important role in phosphate and vitamin D homeostasis (Razzaque, 

2022) by negatively regulating the formation of the active metabolite. FGF23 inhibits 1α-

hydroxylase CYP27B1, resulting in less 1α,25-(OH)2-D being formed, and stimulates 24-

hydroxylase CYP24A1, leading to the formation of the inactive metabolite 24,25(OH)2-D 

(Latic and Erben, 2021).  

Increased expression of FGF23 can apparently be induced by high bolus doses of vitamin D, 

as the following studies show:  

A study involving 45 participants with baseline vitamin D levels of 50 nmol/l (20 ng/ml) 

showed that a bolus of 300,000 IU (7,500 µg) of vitamin D2 increased both 1α,25-(OH)2-D 
and FGF23 concentrations (Turner et al., 2013).  

In another study, 27 individuals with serum 25-OH-D levels below 75 nmol/l (30 ng/ml) were 

divided into three groups (Pepe et al., 2024) and supplemented with single doses of either 

25,000 IU (625 µg), 600,000 IU (15,000 µg) of vitamin D or a placebo. After three days, the 

two intervention groups showed a significant increase in 25-OH-D levels from 30 nmol/l to 

50 nmol/l (12 ng/ml to 20 ng/ml) in the 25,000 IU group and from 43 nmol/l to 148 nmol/l 

(17 ng/ml to 59 ng/ml) in the 600,000 IU group. In addition, an increase in 24,25(OH)2-D and 

FGF23 concentrations was observed in the 600,000 IU group, suggesting that the high single 

dose induced the catabolic metabolism of vitamin D via 24-hydroxylase CYP24A1 in order to 

avoid toxic effects. In contrast, neither 24,25(OH)2-D nor FGF23 were induced to a greater 

extent in the 25,000 IU group with final serum levels in the physiological region of 50 nmol/l 

(20 ng/ml) (Pepe et al., 2024).  

Finally, Pallone et al. (2025) investigated the effects of vitamin D supplementation in 

patients with primary hyperparathyroidism (PHPT), i.e. primary hyperfunction of the 

parathyroid glands, compared to individuals who were not affected by this condition. All 

study participants received 14,000 IU (350 µg) per week for 12 weeks. Serum 25-OH-D levels 

rose from 55 nmol/l (22 ng/ml) to 80 nmol/l (32 ng/ml) in the PHPT group and from 50 

nmol/l (20 ng/ml) to 83 nmol/l (33 ng/ml) in the non-PHPT group. In both groups, an 

increase in FGF23 concentration was observed after 12 weeks, suggesting that even at 

serum 25-OH-D levels below 100 nmol/l (40 ng/ml), inhibition of the active metabolite 
1α,25-(OH)2-D may already be inhibited (Pallone et al., 2025). 

A meta-analysis by Zittermann et al. (2021a and 2021b), which included randomised 

controlled trials, particularly with patients with end-stage renal or heart failure, also showed 

that vitamin D doses above 3,000 IU (&gt; 75 µg) per day and 25-OH-D concentrations ≥ 100 

nmol/l significantly increased FGF23 concentrations, whereas this was not observed with 

daily vitamin D doses ≤ 3000 IU (≤ 75 µg) and in studies with 25-OH-D concentrations &lt; 

100 nmol/l (Zittermann et al., 2021a; Zittermann et al., 2021b). It should be noted here that 

comparing FGF23 concentrations from different studies using different FGF23 assays has 

limitations because some assays measure intact FGF23 and others measure a combination of 

the intact molecule and an inactive C-terminal fragment (Mazess et al., 2021). 

In summary, it can be said that the pharmacokinetics of bolus doses of vitamin D differ from 

those of moderate daily vitamin D intake, even at identical cumulative doses. For example, 

some studies have measured higher concentrations of the inactive metabolite 24,25(OH)2-D 

(Ketha et al., 2018; Owens et al., 2017; Pepe et al., 2024). It has also been observed that 

FGF23 is induced to a greater extent after high bolus doses (Pallone et al., 2025; Pepe et al., 
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2024; Turner et al., 2013). The available data therefore suggest that, in contrast to moderate 

(daily) doses, high bolus doses of vitamin D tend to induce catabolic metabolism in order to 

replace high serum concentrations of the active metabolite 1α,25-(OH)2-D. At very high 25-

OH-D levels, which can occur after high bolus doses, the strictly regulated calcium 

homeostasis may be overwhelmed in maintaining constant serum levels of the active 

metabolite, ultimately increasing the risk of hypercalcaemia.  
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Health effects of high vitamin D bolus doses 

A double-blind randomised study involving 200 women and men aged 78 ± 5 years living in 

communal facilities who had previously suffered a fall investigated whether monthly high-

dose vitamin D administration over 12 months led to a refinement in lower limb function 

(Bischoff-Ferrari et al., 2016). The intervention groups received either 60,000 IU (1,500 µg) 

or 24,000 IU (600 µg) of vitamin D with 300 µg of calcidiol (25-OH-D), and the control group 

received 24,000 IU (600 µg) of vitamin D. The mean initial 25-OH-D levels in the three groups 

ranged from 46 to 52 nmol/L (18 to 21 ng/ml). After 12 months of treatment, serum 25-OH-

D levels in the 24,000 IU (control)group had risen to 76 nmol/L (30 ng/ml) and in the other 

two groups to 100 nmol/L (40 ng/ml) in the 60,000 group and to 111 nmol/L (44 ng/ml) in 

the 24,000/calcidiol group. Despite the much higher increases in serum concentrations to 

≥ 100 nmol/l in the intervention groups compared to the control group (24,000 IU), the 

higher monthly vitamin D bolus doses (60,000 and 24,000 IU + calcidiol) did not lead to a 

refinement in lower limb function, but actually increased the frequency of falls (Bischoff-

Ferrari et al., 2016).  

In another double-blind, placebo-controlled study involving 2,256 women (≥ 70 years) living 

in community facilities, the researchers investigated whether a single annual dose of 

500,000 IU (12,500 µg) of vitamin D administered once a year in autumn or winter over a 

period of 3 to 5 years reduces the risk of falls or fractures (Sanders et al., 2010). At the start 

of the study, serum 25-OH-D levels were between 40 and 65 nmol/l (16 and 26 ng/ml). One 

month after the intervention, serum 25-OH-D levels in the vitamin D group were measured 

at > 120 nmol/l (48 ng/ml), with 82 % of the study group having levels of 100 nmol/l (40 

ng/ml) or higher and 24 % having levels of 150 nmol/l (60 ng/ml) or higher. After a further 

three months, the median 25-OH-D levels in the vitamin D group had fallen to around 90 

nmol/l (36 ng/ml). In addition, it was found that in the group of women who had 

supplemented 500,000 IU (12,500 µg) of cholecalciferol annually, there was an occurrence 

of 15 % more falls and 26 % more fractures than in the placebo group, with most fractures 

not associated with a fall. A post-hoc analysis showed that the falls and, in most cases, the 

fractures in the vitamin D group occurred primarily in the first three months after the 

intervention and thus in a period when serum 25-OH-D levels were above 100 nmol/l (40 

ng/ml) (Sanders et al., 2010).  

Another double-blind, placebo-controlled study involving 9,440 elderly women and men 

(4,354 men and 5,086 women, aged ≥ 75 years) investigated whether a single annual dose of 

300,000 IU (7,500 µg) of vitamin D2(ergocalciferol) administered once a year in autumn or 

winter over a period of 3 years reduces the risk of fractures (Smith et al., 2007). In this 

study, too, no positive effect on the prevention of fractures was observed in the vitamin D(2) 

group. In contrast, a significantly increased risk of hip fractures was observed in women in 

the vitamin D group; this effect was not observed in men (Smith et al., 2007). 

Finally, a double-blind, placebo-controlled study in Australia with 21,315 participants (aged 

60 and older) investigated whether a monthly dose of 60,000 IU (1,500 µg) of vitamin D over 

5 years reduces the risk of mortality (Neale et al., 2022). During follow-up, the mean 25-OH-

D serum concentration was 77 nmol/l (31 ng/ml) in the placebo group and 115 nmol/l (46 

ng/ml) in the vitamin D group (measured in 4,441 subjects). Overall mortality was not 

reduced in this study. Furthermore, in further analyses, without taking into account the first 
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two years of follow-up, a slightly increased risk of death from cancer (hazard ratio (HR) 1.24 

[95 % confidence interval (CI): 1.01-1.54; p=0.05] (Neale et al., 2022). 

The results show that long-term administration of high bolus doses of vitamin D may be 

associated with health risks. The increased risk of fractures observed in some studies could 

be due to the fact that bolus doses of ≥ 100,000 IU led to an acute increase in bone turnover 

markers (e.g. C-terminal telopeptide of type I collagen (CTX) or cross-linked N-telopeptide 

from type I collagen (sNTX). For example, a single dose of 600,000 IU resulted in elevated 

CTX concentrations for two months (Bowles et al., 2024; Rossini et al., 2012a; Rossini et al., 

2012b). Such an increase in bone turnover markers indicates increased bone resorption, 
which can have a negative impact on bone health.  

In addition to the potentially harmful effects of very high bolus doses of vitamin D, other 

studies have found no negative effects, but also no benefits, from supplementation with 

high bolus doses (Jolliffe et al., 2021; Martineau et al., 2017). A lack of benefit can also pose 

a health risk if the supply status of deficient individuals is not improved. 

3.1.2.2 Vitamin K2 

With regard to possible health risks associated with vitamin K2 supplementation in the form 

of menaquinone 7 (MK-7), we refer to the BfR opinion 065/2023 “High-dose vitamin D food 

supplements can cause long-term health impairment” 1. This statement concluded that, in 

the human studies available to date, no negative health effects were observed with MK-7 

supplementation in doses of up to approximately 400 μg/day. Furthermore, taking into 

account the overall scientific evidence available, there was/is no evidence of adverse health 

effects from taking food supplements with daily doses of 200 μg MK-7 in healthy adults (the 

BfR, 2023).  

However, it is known that vitamin K2 can weaken the therapeutic effect of coumarin-type 

anticoagulants by a factor of about 3.5 compared to vitamin K1. The BfR therefore 

recommends that products containing vitamin K should always carry a warning label for 

people who use coumarin-type anticoagulants (BfR, 2021). 

EFSA has not yet carried out a generic risk assessment of vitamin K2 or the various isoforms 

of vitamin K2 used for supplementation. However, in 2008, as part of the novel food 

procedure, the EFSA conducted an assessment of the safety and bioavailability of vitamin K2 

from a menaquinone-rich oil based on Bacillus subtilis ssp. natto, which contains a mixture 

of MK-7 with a lower proportion of MK-6. According to the application at that time, the oil 

was to be used to enrich conventional food, including food supplements, and food for 

special nutritional purposes intended for the general population (EFSA, 2008). In its risk 

assessment, the EFSA concluded that vitamin K from the menaquinone-rich oil had 

bioavailability and was safe for human consumption at the levels requested (EFSA, 2008). 

Based on the applicant's information on the intended use of MK-7, a conservative estimate 

of the average daily intake of MK-7 was 36 μg (adult women) to 54 μg (male teenagers) or, 

in high intake percentiles, 75 μg (children) to 115 μg (male teenagers) (EFSA, 2008) and 

derived that adult women and men consuming average amounts of enriched food and food 

supplements with an average daily dose of MK-7 of 50 µg would consume a total of 86 to 95 

μg or 1.4 to 1.6 μg/kg body weight (BW) per day and, in high intake percentiles, 131 to 157 

μg/day or 2.2 to 2.6 µg/kg BW/day. These intake levels of MK-7 were considered safe by 

EFSA (EFSA, 2008). 
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3.1.3 Exposure 

3.1.3.1 Vitamin D 

Human exposure to vitamin D results from the duration of irradiation of the skin with UVB 

radiation and the consumption of food or vitamin D supplements. Intake from a typical diet 

and possible intake from enriched food, novel food products and food supplements has 

already been discussed in detail in the BfR opinion issued 7 December 2023 (BfR, 2023). 

According to this, the intake of vitamin D from a typical diet is in the region of only about 5 

to 10 µg per day. 

According to the assessment of the Joint Expert Commission on the Classification of 

Substances of the BVL and BfArM (2017), taking into account risk groups and fluctuations 

due to endogenous synthesis, an amount of up to 20 µg/day may be rationalised in the 

context of diet and food supplements. However, from the Commission's point of view, a 

dosage of more than 20 µg/day does not necessarily lead to classification as a medical drug 

(BVL and BfArM, 2017). 

The dosages and intake recommendations assessed here of 7,000 IU (175 µg), 10,000 IU 

(250 µg) and 20,000 IU (500 µg) every 7, 10 or 20 days would, in purely mathematical terms, 

result in daily doses of 1000 IU (25 µg) of vitamin D – and thus only slightly above the dose 

that the above-mentioned expert commission considered to be a suitable dose with 

nutritional or physiological effects in the context of nutrition/food supplements. However, 

as described above, the kinetics of bolus doses are not comparable to those of moderate 

daily doses, so that no statement can be made about the actual exposure to vitamin D from 
the above-mentioned dosages. 

3.1.3.2 Vitamin K2 

There is uncertainty about the vitamin K2 concentration in food and thus also about the 

intake of vitamin K2 from a typical diet. There is also uncertainty about the physiological 

requirement and the normal range of serum concentrations, including depending on the age, 

sex and health status of the population. 

The available data (see also BfR Opinion 065/2023) suggest that in Germany (and other 

countries in Europe), only very small amounts of MK-7 are consumed through conventional 

food (the median intake for men in the EPIC Heidelberg cohort was 0.8 μg/day) (Nimptsch et 

al., 2008). 

Dietary supplement doses of 50 µg vitamin K2 as MK-7 were considered as daily doses by 

EFSA in its exposure assessment carried out in 2008 as part of the novel food evaluation 

(EFSA, 2008). The dose of 200 µg MK-7 contained in some food supplements would be four 

times higher on the day of intake, but would only be taken every 10 or 20 days. Therefore, 
the dosages cannot be compared with a typical daily dose.  

Since the half-life of MK-7 is approximately 3 days (Schurgers et al., 2007), it must be 

assumed that the administration of 200 µg MK-7 every 10 days or every 20 days will not 

result in constant serum levels, but rather in fluctuations of MK-7 in the serum. However, to 

the BfR's knowledge, there are no studies investigating the effects of corresponding dosages 
and intake regimens on vitamin K status and health endpoints. 
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3.1.4 Risk characterisation 

As no studies could be identified in which the effects of the dosages and intake intervals of 

vitamin D assessed here, including in combination with vitamin K2, were investigated, an 

assessment is made below based on knowledge of the kinetics of vitamin D metabolism and 
studies with similarly high dosages and intake intervals as those considered here. 

3.1.4.1 Vitamin D as a bolus dose of 175 µg (7,000 IU) every 7 days 

When taking a preparation with a recommended intake of 175 µg vitamin D3 every 7 days as 

intended, the BfR does not expect any fluctuations in 25-OH-D levels. However, due to the 

short half-life of cholecalciferol, fluctuations in cholecalciferol concentrations are to be 

expected.  

The vitamin D dose used in a double-blind, placebo-controlled intervention study by Lips et 

al. (2010) is closest to the doses for assessment and is therefore used here. The study 

investigated the extent to which a weekly dose of 8,400 IU (210 µg) of vitamin D affects 

stability and muscle strength in 226 people aged ≥ 70 years with a baseline 25-OH-D level 

below 50 nmol/l (20 ng/ml). Supplementation was carried out over 16 weeks. The 25-OH-D 

levels in the vitamin D arm rose on average from 35 nmol/l (14 ng/ml) to 65 nmol/l (26 

ng/ml). Vitamin D supplementation had no positive effect on physical instability, but was 

also not associated with adverse effects such as hypercalcaemia (Lips et al., 2010).  

Although this study only included individuals with baseline 25-OH-D levels below 50 nmol/l 

(20 ng/ml), a higher dose than the one being assessed here was administered. Since 25-OH-

D levels remained below 100 nmol/l, an increase in 25-OH-D levels to 100 nmol/l is not to be 

expected with the dosage regimen under assessment. No reliable assessment can be made 
as to whether 175 µg of vitamin D3 every 7 days could induce 24-hydroxylase (CYP24A1). 

3.1.4.2 Vitamin D3 as a bolus dose of 250 µg (10,000 IU) every 10 days 

When used as intended, preparations containing 250 µg (10,000 IU) every 10 days are not 

expected to cause fluctuations in 25-OH-D levels after an initial peak due to the long half-life 

of 25-OH-D (10 to 40 days). However, fluctuations in cholecalciferol concentrations may also 

occur with this product due to the short half-life of cholecalciferol.  

No studies are available for this dosing regimen either, which is why no clear statements can 

be made about the possible resulting 25-OH-D and cholecalciferol concentrations. Nor is it 

possible to say whether or under what conditions 24-hydroxylase (CYP24A1) induction could 

occur.  

Only one study with a similar dosage regimen was identified. Therein, 1,300 children and 

adolescents aged 3 to 15 years were given either 14,000 IU (350 µg) or a placebo weekly for 

8 months (Loeb et al., 2019). The baseline 25-OH-D values averaged 65 nmol/l (26 ng/ml) at 

the start of the study and rose to 92 nmol/l (37 ng/ml) in the vitamin D arm. No adverse 
effects were observed. 

In this study, despite a higher dosage, a shorter intermittent interval of intake and high 25-

OH-D baseline values (65 nmol/l), no serum values above 100 nmol/l (40 ng/ml) were 

achieved in comparison to the dosage regimen under evaluation. It can therefore be 
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assumed that even when taking 250 µg (10,000 IU) every 10 days, serum 25-OH-D levels will 

not exceed 100 nmol/l (40 ng/ml). 

3.1.4.3 Vitamin D3 as a bolus dose of 500 µg (20,000 IU) every 20 days 

When used as intended, an initial peak in 25-OH-D levels is to be expected according to 

pharmacokinetics. With regular intake, 25-OH-D levels may fluctuate in individuals with a 

shorter half-life of 25-OH-D (e.g. 10 days), while 25-OH-D levels in individuals with longer 

half-lives of 25-OH-D (e.g. 40 days) are likely to stabilise at a constant level. Due to the short 

half-life of cholecalciferol (20 hours), extreme fluctuations in cholecalciferol levels must be 

expected. 

Two studies were identified in which 20,000 IU (500 µg) of vitamin D was administered 

weekly and which are therefore most comparable to the dosage for assessment here:  

One of the two studies was a placebo-controlled intervention study in which 34 healthy 

adults aged 18 to 52 were given 20,000 IU (500 µg) of cholecalciferol or an identical placebo 

weekly for 17 weeks (Simpson et al., 2015). The primary endpoint was the occurrence of 

acute infection; secondary endpoints were duration and severity of infection, and tertiary 

endpoints were changes in serum 25-hydroxyvitamin D (25-OH-D) levels and adverse effects. 

Serum 25-OH-D levels rose on average from an initial 68 nmol/l (27 ng/ml) to 101 nmol/L (40 

ng/ml), with the baseline value being significantly lower in those treated with vitamin D than 

in those receiving a placebo (60.5 vs. 76.4, p = 0.040). No adverse effects such as 

hypercalcaemia were observed (Simpson et al., 2015). However, this was a pilot study with a 

very small study group and a short intervention period.  

In the other study, 265 residents (mean age: 85 years) in nursing homes in Canada were 

given weekly doses of 20,000 IU (500 µg) of vitamin D (Feldman et al., 2014). Among those 

(n = 147) who had received this dose weekly for at least six months or longer (17 % of the 

group had also taken 400 IU (10 µg) of vitamin D daily), the mean 25-OH-D level rose to 112 

nmol/l (45 ng/ml). The lowest 25-OH-D level was 57 nmol/l, the highest 187 nmol/l. 

Hypercalcaemia (&gt; 2.6 mmol/l) was diagnosed in 14 % of the study group, but this was 

not associated with higher 25-OH-D concentrations. No baseline vitamin D levels were 

measured in this study (Feldman et al., 2014).  

It can be derived from the two studies that a dose of 20,000 IU (500 µg) of vitamin D per 

week has the potential to increase serum 25-OH-D levels to above 100 nmol/l (40 ng/ml) in 

individuals with high nutritional status (Simpson et al., 2015). It cannot be ruled out that the 

same dose every 20 days has the same potential in individuals with high serum levels > 70 

nmol/l (28 ng/ml) and a 25-OH-D half-life > 20 days (on average, this is 10 to 40 days).  

In summary, it can be said that the assessed bolus doses of vitamin D from dietary 

supplements are significantly lower than the doses used in studies (annual bolus dose of ≥ 

300,000 IU or monthly dose of 60,000 IU), in which negative health effects such as increased 

falls and fractures and a slightly increased risk of mortality were observed (Bischoff-Ferrari 

et al., 2016; Neale et al., 2022; Sanders et al., 2010; Smith et al., 2007). However, as no 

studies could be identified with the dosages and corresponding intake intervals in question, 

it is not possible to make a reliable health risk assessment in this regard. 

Taking into account studies that are only partially comparable (Feldman et al., 2014; 

Simpson et al., 2015), it can be assumed that in individuals with high basal 25-OH-D levels > 

70 nmol/l (28 ng/ml) and an individual 25-OH-D half-life > 20 days (the average is 10 to 40 
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days) can achieve 25-OH-D serum concentrations of around 100 nmol/l (40 ng/ml) by taking 

500 µg (20,000 IU) of vitamin D3 as a bolus every 20 days.  

In intervention studies, 25-OH-D serum levels ≥ 100 nmol/l (40 ng/ml) were associated with 

an increased risk of hypercalcaemia, falls, fractures and a slightly increased risk of dying 

from cancer (Zittermann et al., 2017; Michos et al., 2022; Neale et al., 2022; Sanders et al., 

2010; Bischoff-Ferrari et al., 2016). In observational studies, 25-OH-D levels above 75 to 100 

nmol/l (&gt; 30 to 40 ng/ml) with increased overall mortality (Durup et al., 2012; Melamed 

et al., 2008; Sempos et al., 2013), cardiovascular disease and cardiovascular mortality 

(Aleksova et al., 2016; Durup et al., 2015; Wang et al., 2019; Zhang et al., 2017), fractures 

(Bleicher et al., 2014; Julian et al., 2016) and frailty (Ensrud et al., 2011; Ensrud et al., 2010; 

Kojima et al., 2017). Although no causal relationships can be derived from observational 

studies, the results of these studies suggest that serum 25-OH-D levels above 75 to 100 

nmol/l may be associated with an increased health risk.  

In addition, taking vitamin D supplements in the aforementioned dosages over a period of 

20 days results in fluctuations in cholecalciferol concentration, which can lead to 

fluctuations in the extra-renal production of the active metabolite 1α,25-(OH)2-D. This could 

also lead to an impairment of autocrine function, such as the induction of immunologically 

effective substances (Hollis and Wagner, 2013; Mazess et al., 2022).  

Taking dietary supplements containing 250 µg (10,000 IU) every 10 days or 175 µg (7,000 IU) 

every 7 days does not have a probability of reaching serum levels of 100 nmol/l (40 ng/ml). 

Therefore, the risk of adverse effects, such as hypercalcaemia, appears to be relatively low 

at these dosages. However, fluctuating cholecalciferol levels could influence the expression 

of immunologically effective substances, for example, which may also be considered 

undesirable. 

3.1.4.4 Combined administration of vitamin D3 and vitamin K2 

There are currently very few studies available for a health risk assessment of preparations 

with combined doses of vitamin D3 and vitamin K2 (as MK-7). The supplements 

administered in the studies contained doses of 10 to 90 µg of vitamin D and 50 to 720 µg of 

MK-7 per day (Aguayo-Ruiz et al., 2020; Kannellakis et al., 2012; Diederichsen et al., 2022; 

Zhang et al., 2020; Kurnatowska et al., 2015; Rønn et al., 2016). Some of the products also 

contained calcium (500 or 800 mg per daily dose).  

Most of the studies were conducted with the aim of investigating positive effects on bone 

density or the carboxylation of vitamin K-dependent proteins. None of the studies identified 

aimed to investigate the safety of supplementation; nor were any adverse effects reported 

or observed. Only one of the studies (Zhang et al., 2020) was conducted with healthy older 

men and healthy postmenopausal women; the other studies involved patients who had 

undergone lung, kidney or heart transplants, patients with chronic kidney disease and 

dialysis patients with type 2 diabetes or coronary heart disease, as well as postmenopausal 

women with osteopenia. The studies were also conducted with relatively small groups and 

mostly only short follow-up periods. It is therefore unclear whether the results are 

transmissible to the healthy general population. Since the vitamin D doses in the studies 

were relatively low (< 100 µg/day) and were administered daily rather than as a bolus, the 
results cannot be compared with the doses and intake regimens to be evaluated here.  
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Given the existing gaps in knowledge, it is not possible to make a conclusive risk assessment 

of the health effects of supplementing 200 µg of vitamin K2 in the form of MK-7 in 

combination with high doses of vitamin D (250 µg or 500 µg) every 10 or 20 days. 

Even though the available studies suggest that vitamin K2 poses a low health risk to the 

general healthy population, it is known that vitamin K2 is approximately 3.5 times more 

potent than vitamin K1 in attenuating the therapeutic effect of oral coumarin-type 

anticoagulants (vitamin K antagonists). Patients undergoing such drug therapy are advised 

to keep their vitamin K intake as constant as possible and to use vitamin K-containing food 

supplements only under medical supervision. The fluctuations in vitamin K intake that would 

be expected from a food supplement containing 200 µg of vitamin K2 every 10 or 20 days 

therefore pose a high health risk for patients undergoing therapy with vitamin K antagonistic. 

To reduce this risk, the BfR recommends a maximum daily intake of 25 μg of vitamin K2 in 

food supplements (for persons aged 15 and over). The BfR also believes that food 

supplements containing vitamin K should always carry a warning stating that people taking 

anticoagulant medication should seek medical advice before taking them (BfR, 2021). 

3.1.5 Other aspects 

3.1.5.1  Consumer behaviour – improper use 

The rationale for the use of megadoses in the form of single or intermittent bolus doses is 

based, among other things, on the assumption that this will improve compliance with the 

set therapeutic goals compared to daily doses (Rothen et al., 2020; Vidal et al., 2024). In 

general, high-dose vitamin D supplements are therefore medical drugs that are taken under 

medical supervision. Food supplements with high doses of vitamin D that are to be taken 

independently as a bolus have not been common practice to date.  

However, products with the dosages assessed here are commercially available and marketed 

as food supplements. With regard to the intake intervals specified on the products, the BfR 

considers the 20-day and 10-day intake intervals to be particularly difficult to implement, as 

no simple system for intake can be derived from them. It cannot be ruled out that such a 

product may be taken again before the 10 or 20 days have elapsed. From a health 

perspective, this is particularly critical in the case of a dose of 500 µg (20,000 IU) every 20 

days, as certain individuals (high 25-OH-D serum levels, long 25-OH-D half-life) could achieve 

25-OH-D serum levels of over 100 nmol/l (40 ng/ml) even when taking the product according 

to the manufacturer's recommendations. Shorter intervals between doses would further 

increase the risk of a corresponding rise in serum 25-OH-D levels. 

In principle, it cannot be ruled out that consumers may even take products that are 

intended to be taken as bolus doses at specific intervals on a daily basis, as daily intake is 

common for food supplements. Daily intake would lead to a significant exceedance of the UL 

for all three dosages considered here. It should be noted that even a slight long-term 

exceedance of the UL can lead to negative health effects, such as hypercalcaemia (the BfR, 

2023; Zittermann et al., 2023). In the case of persistent hypercalcaemia, this can lead to 

kidney stones, kidney calcification and ultimately to a decrease in kidney function (the BfR, 

2023). 



 

18 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

4 References 

Aguayo-Ruiz JI, García-Cobián TA, Pascoe-González S, Sánchez-Enríquez S, Llamas-

Covarrubias IM, García-Iglesias T, López-Quintero A, Llamas-Covarrubias MA, Trujillo-Quiroz 

J, Rivera-Leon EA (2020). Effect of supplementation with vitamins D3 and K2 on 

undercarboxylated osteocalcin and insulin serum levels in patients with type 2 diabetes 

mellitus: a randomized, double-blind, clinical trial. Diabetol Metab Syndr. 12: 73.  

Aleksova A, Beltrami AP, Belfiore R, Barbati G, Di Nucci M, Scapol S, De Paris V, Carriere C, 

Sinagra G (2016). U-shaped relationship between vitamin D levels and long-term outcome in 

large cohort of survivors of acute myocardial infarction. Int J Cardiol. 223: 962-966. 

Aloia JF, Katumuluwa S, Stolberg A, Usera G, Mikhail M, Hoofnagle AN, Islam S (2018). Safety 

of calcium and vitamin D supplements, a randomized controlled trial. Clin Endocrinol (Oxf). 

89: 742-749. 

Alonso N, Zelzer S, Eibinger G, Herrmann M (2023). Vitamin D Metabolites: Analytical 

Challenges and Clinical Relevance. Calcif Tissue Int. 112: 158-177. 

BfR (2021). Updated recommended upper intake levels for vitamins and minerals in food 

supplements and enriched foods (in German). 

https://www.bfr.bund.de/cm/343/aktualisierte-hoechstmengenvorschlaege-fuer-vitamine-

und-mineralstoffe-in-nahrungsergaenzungsmitteln-und-angereicherten-lebensmitteln.pdf; 

last accessed: 25/03(2025. 

BfR (2023). Opinion issued 7 Dezember 2023. High-dose food supplements with vitamin D 

can cause long-term health impairment (in German). 

https://www.bfr.bund.de/cm/343/hochdosierte-nahrungsergaenzungsmittel-mit-vitamin-d-

koennen-langfristig-die-gesundheit-beeintraechtigen.pdf. 

Billington EO, Burt LA, Rose MS, Davison EM, Gaudet S, Kan M, Boyd SK, Hanley DA (2020). 

Safety of High-Dose Vitamin D Supplementation: Secondary Analysis of a Randomized 

Controlled Trial. J Clin Endocrinol Metab. 105. 

Bischoff-Ferrari HA, Dawson-Hughes B, Orav EJ, Staehelin HB, Meyer OW, Theiler R, Dick W, 

Willett WC, Egli A (2016). Monthly High-Dose Vitamin D Treatment for the Prevention of 

Functional Decline: A Randomized Clinical Trial. JAMA Intern Med. 176: 175-183. 

Bleicher K, Cumming RG, Naganathan V, Blyth FM, Le Couteur DG, Handelsman DJ, Waite LM, 

Seibel MJ (2014). U-shaped association between serum 25-hydroxyvitamin D and fracture 

risk in older men: results from the prospective population-based CHAMP study. J Bone 

Miner Res. 29: 2024-2031. 

Bowles SD, Jacques R, Hill TR, Eastell R, Walsh JS (2024). Effects of High Dose Bolus 

Cholecalciferol on Free Vitamin D Metabolites, Bone Turnover Markers and Physical 

Function. Nutrients 16: 2888.  

Burkes RM, Astemborski J, Lambert AA, Brown TT, Wise RA, Kirk GD, Drummond MB (2019). 
Plasma cathelicidin and longitudinal lung function in current and former smokers. PLoS One. 
14: e0212628. 

BVL and BfArM (2017). German Federal Office of Consumer Protection and Food Safety (BVL) 

and German Federal Institute for Drugs and Medical Devices (BfArM). Joint expert 

https://www.bfr.bund.de/cm/343/aktualisierte-hoechstmengenvorschlaege-fuer-vitamine-und-mineralstoffe-in-nahrungsergaenzungsmitteln-und-angereicherten-lebensmitteln.pdf
https://www.bfr.bund.de/cm/343/aktualisierte-hoechstmengenvorschlaege-fuer-vitamine-und-mineralstoffe-in-nahrungsergaenzungsmitteln-und-angereicherten-lebensmitteln.pdf


 

19 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

commission for substance classification. Opinion on products containing vitamin D (01/2016) 

Version 1.1 (2017) (in German). 

https://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Zulassung/ZulRelThemen/a

bgrenzung/Expertenkommission/stellungnahmen/2016-01-

Rev1_1.pdf?__blob=publicationFile; last accessed: 25/03/2025. 

Datta P, Philipsen PA, Olsen P, Bogh MK, Johansen P, Schmedes AV, Morling N, Wulf HC 

(2017). The half-life of 25(OH)D after UVB exposure depends on gender and vitamin D 

receptor polymorphism but mainly on the start level. Photochem Photobiol Sci. 16: 985-995. 

Diederichsen ACP, Lindholt JS, Möller S, Øvrehus KA, Auscher S, Lambrechtsen J, Hosbond SE, 

Alan DH, Urbonaviciene G, Becker SW, Fredgart MH, Hasific S, Folkestad L, Gerke O, 

Rasmussen LM, Møller JE, Mickley H, Dahl JS (2022). Vitamin K2 and D in Patients With 

Aortic Valve Calcification: A Randomized Double-Blinded Clinical Trial. Circulation 145: 1387-

1397. 

DiGirolamo DJ, Clemens TL, Kousteni S (2012). The skeleton as an endocrine organ. Nat Rev 

Rheumatol. 8: 674-683. 

Durup D, Jorgensen HL, Christensen J, Schwarz P, Heegaard AM, Lind B (2012). A reverse J-

shaped association of all-cause mortality with serum 25-hydroxyvitamin D in general 

practice: the CopD study. J Clin Endocrinol Metab. 97: 2644-2652. 

Durup D, Jorgensen HL, Christensen J, Tjonneland A, Olsen A, Halkjaer J, Lind B, Heegaard 

AM, Schwarz P (2015). A Reverse J-Shaped Association Between Serum 25-Hydroxyvitamin D 

and Cardiovascular Disease Mortality: The CopD Study. J Clin Endocrinol Metab. 100: 2339-

2346. 

EFSA (2008). Vitamin K2 added for nutritional purposes in foods for particular nutritional 

uses, food supplements and foods intended for the general population and Vitamin K2 as a 

source of vitamin K added for nutritional purposes to foodstuffs, in the context of Regulation 

(EC) N° 258/971. Scientific Opinion of the Panel on Dietetic Products, Nutrition and Allergies 

(Question No EFSA-Q-2005-179 and EFSA-Q-2007-079). Adopted on 2 October 2008. EFSA 

Journal 822: 1-31. https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2008.822 

EFSA (2012). Scientific opinion on the tolerable upper intake level of vitamin D. EFSA Journal 

10: 2813. 

EFSA (2023). Scientific opinion on the tolerable upper intake level for vitamin D, including 

the derivation of a conversion factor for calcidiol monohydrate. EFSA Journal 21: e08145. 

Ensrud KE, Blackwell TL, Cauley JA, Cummings SR, Barrett-Connor E, Dam TT, Hoffman AR, 

Shikany JM, Lane NE, Stefanick ML, Orwoll ES, Cawthon PM (2011). Circulating 25-

hydroxyvitamin D levels and frailty in older men: the osteoporotic fractures in men study. J 

Am Geriatr Soc. 59: 101-106. 

Ensrud KE, Ewing SK, Fredman L, Hochberg MC, Cauley JA, Hillier TA, Cummings SR, Yaffe K, 

Cawthon PM (2010). Circulating 25-hydroxyvitamin D levels and frailty status in older 

women. J Clin Endocrinol Metab. 95: 5266-5273. 

Feldman F, Moore C, da Silva L, Gaspard G, Gustafson L, Singh S, Barr SI, Kitts DD, Li W, 

Weiler HA, Green TJ (2014). Effectiveness and safety of a high-dose weekly vitamin D 

(20,000 IU) protocol in older adults living in residential care. J Am Geriatr Soc. 62: 1546-1550. 

https://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Zulassung/ZulRelThemen/abgrenzung/Expertenkommission/stellungnahmen/2016-01-Rev1_1.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Zulassung/ZulRelThemen/abgrenzung/Expertenkommission/stellungnahmen/2016-01-Rev1_1.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/DE/Arzneimittel/Zulassung/ZulRelThemen/abgrenzung/Expertenkommission/stellungnahmen/2016-01-Rev1_1.pdf?__blob=publicationFile


 

20 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

Gröber U, Kisters K (2018). Vitamin D: Niemals ohne Vitamin K2? Schweizer Zeitschrift für 

Ernährungsmedizin 4: 23-25. 

Hansdottir S, Monick MM, Hinde SL, Lovan N, Look DC, Hunninghake GW (2008). Respiratory 

epithelial cells convert inactive vitamin D to its active form: potential effects on host defense. 

J Immunol. 181: 7090-7099. 

Holick MF (2007). Vitamin D deficiency. N Engl J Med. 357: 266-281. 

Hollis BW, Wagner CL (2013). Clinical review: The role of the parent compound vitamin D 

with respect to metabolism and function: Why clinical dose intervals can affect clinical 

outcomes. J Clin Endocrinol Metab. 98: 4619-4628. 

Jolliffe DA, Camargo CA, Jr., Sluyter JD, Aglipay M, Aloia JF, Ganmaa D, Bergman P, Bischoff-

Ferrari HA, Borzutzky A, Damsgaard CT, Dubnov-Raz G, Esposito S, Gilham C, Ginde AA, 

Golan-Tripto I, Goodall EC, Grant CC, Griffiths CJ, Hibbs AM, Janssens W, Khadilkar AV, Laaksi 

I, Lee MT, Loeb M, Maguire JL, Majak P, Mauger DT, Manaseki-Holland S, Murdoch DR, 

Nakashima A, Neale RE, Pham H, Rake C, Rees JR, Rosendahl J, Scragg R, Shah D, Shimizu Y, 

Simpson-Yap S, Trilok-Kumar G, Urashima M, Martineau AR (2021). Vitamin D 

supplementation to prevent acute respiratory infections: a systematic review and meta-

analysis of aggregate data from randomised controlled trials. Lancet Diabetes Endocrinol. 9: 

276-292. 

Jones G, Prosser DE, Kaufmann M (2014a). Cytochrome P450-mediated metabolism of 

vitamin D. J Lipid Res. 55: 13-31. 

Jones KS, Assar S, Harnpanich D, Bouillon R, Lambrechts D, Prentice A, Schoenmakers I 

(2014b). 25(OH)D2 half-life is shorter than 25(OH)D3 half-life and is influenced by DBP 

concentration and genotype. J Clin Endocrinol Metab. 99: 3373-3381. 

Julian C, Lentjes MA, Huybrechts I, Luben R, Wareham N, Moreno LA, Khaw KT (2016). 

Fracture Risk in Relation to Serum 25-Hydroxyvitamin D and Physical Activity: Results from 

the EPIC-Norfolk Cohort Study. PLoS One 11: e0164160. 

Kanellakis S, Moschonis G, Tenta R, Schaafsma A, van den Heuvel EG, Papaioannou N, Lyritis 

G, Manios Y (2012). Changes in parameters of bone metabolism in postmenopausal women 

following a 12-month intervention period using dairy products enriched with calcium, 

vitamin D, and phylloquinone (vitamin K(1)) or menaquinone-7 (vitamin K (2)): the 

Postmenopausal Health Study II. Calcif Tissue Int. 90: 251-62.  

Kearns MD, Binongo JNG, Watson D, Alvarez JA, Lodin D, Ziegler TR, Tangpricha V (2023). 

Correction: The effect of a single, large bolus of vitamin D in healthy adults over the winter 

and following year: a randomized, double-blind, placebo-controlled trial. Eur J Clin Nutr. 77: 

698. 

Ketha H, Thacher TD, Oberhelman SS, Fischer PR, Singh RJ, Kumar R (2018). Comparison of 

the effect of daily versus bolus dose maternal vitamin D(3) supplementation on the 24,25-

dihydroxyvitamin D(3) to 25-hydroxyvitamin D(3) ratio. Bone 110: 321-325. 

Kojima G, Iliffe S, Tanabe M (2017). Vitamin D supplementation as a potential cause of U-

shaped associations between vitamin D levels and negative health outcomes: a decision tree 

analysis for risk of frailty. BMC Geriatr. 17: 236. 



 

21 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

Kurnatowska I, Grzelak P, Masajtis-Zagajewska A, Kaczmarska M, Stefańczyk L, Vermeer C, 

Maresz K, Nowicki M (2015). Effect of vitamin K2 on progression of atherosclerosis and 

vascular calcification in nondialyzed patients with chronic kidney disease stages 3-5. Pol Arch 

Med Wewn. 125: 631-40.  

Latic N, Erben RG (2021). FGF23 and Vitamin D Metabolism. JBMR Plus 5: e10558. 

Linseisen J, Bechthold A, Bischoff-Ferrari HA, Hintzpeter B, Leschik-Bonnet E, Reichrath J, 

Stehle P, Volkert D, Wolfram G, Zittermann A (2011). DGE Opinion: Vitamin D and 

prevention of certain chronic illnesses (in German). 

https://www.dge.de/wissenschaft/stellungnahmen-und-

fachinformationen/stellungnahmen/vitamin-d-und-praevention-chronischer-krankheiten/; 

last accessed: 25/03/2025. 

Lips P, Binkley N, Pfeifer M, Recker R, Samanta S, Cohn DA, Chandler J, Rosenberg E, 

Papanicolaou DA (2010). Once-weekly dose of 8400 IU vitamin D(3) compared with placebo: 

effects on neuromuscular function and tolerability in older adults with vitamin D 

insufficiency. Am J Clin Nutr. 91: 985-991. 

Loeb M, Dang AD, Thiem VD, Thanabalan V, Wang B, Nguyen NB, Tran HTM, Luong TM, 

Singh P, Smieja M, Maguire J, Pullenayegum E (2019). Effect of Vitamin D supplementation 

to reduce respiratory infections in children and adolescents in Vietnam: A randomized 

controlled trial. Influenza Other Respir Viruses. 13: 176-183. 

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, Bergman P, Dubnov-Raz G, 

Esposito S, Ganmaa D, Ginde AA, Goodall EC, Grant CC, Griffiths CJ, Janssens W, Laaksi I, 

Manaseki-Holland S, Mauger D, Murdoch DR, Neale R, Rees JR, Simpson S, Jr., Stelmach I, 

Kumar GT, Urashima M, Camargo CA, Jr. (2017). Vitamin D supplementation to prevent 

acute respiratory tract infections: systematic review and meta-analysis of individual 

participant data. BMJ. 356: i6583. 

Mazess RB, Bischoff-Ferrari HA, Dawson-Hughes B (2021). Vitamin D: Bolus Is Bogus-A 

Narrative Review. JBMR Plus 5: e10567. 

Mazess RB, Bischoff-Ferrari HA, Dawson-Hughes B (2022). Reply to: Vitamin D: A single initial 

dose is not bogus if followed by an appropriate maintenance intake. JBMR Plus 6: e10605. 

Melamed ML, Michos ED, Post W, Astor B (2008). 25-hydroxyvitamin D levels and the risk of 

mortality in the general population. Arch Intern Med. 168: 1629-1637. 

Michos ED, Kalyani RR, Blackford AL, Sternberg AL, Mitchell CM, Juraschek SP, Schrack JA, 

Wanigatunga AA, Roth DL, Christenson RH, Miller ER, 3rd, Appel LJ (2022). The Relationship 

of Falls With Achieved 25-Hydroxyvitamin D Levels From Vitamin D Supplementation: The 

STURDY Trial. J Endocr Soc. 6: bvac065. 

Neale RE, Baxter C, Romero BD, McLeod DSA, English DR, Armstrong BK, Ebeling PR, Hartel G, 

Kimlin MG, O'Connell R, van der Pols JC, Venn AJ, Webb PM, Whiteman DC, Waterhouse M 

(2022). The D-Health Trial: a randomised controlled trial of the effect of vitamin D on 

mortality. Lancet Diabetes Endocrinol. 10: 120-128. 

Nimptsch K, Rohrmann S, Linseisen J (2008). Dietary intake of vitamin K and risk of prostate 

cancer in the Heidelberg cohort of the European Prospective Investigation into Cancer and 

Nutrition (EPIC-Heidelberg). Am J Clin Nutr. 87: 985-992. 

https://www.dge.de/wissenschaft/stellungnahmen-und-fachinformationen/stellungnahmen/vitamin-d-und-praevention-chronischer-krankheiten/
https://www.dge.de/wissenschaft/stellungnahmen-und-fachinformationen/stellungnahmen/vitamin-d-und-praevention-chronischer-krankheiten/


 

22 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

Owens DJ, Tang JC, Bradley WJ, Sparks AS, Fraser WD, Morton JP, Close GL (2017). Efficacy of 

High-Dose Vitamin D Supplements for Elite Athletes. Med Sci Sports Exerc. 49: 349-356. 

Pallone SG, Ohe MN, Dos Santos LM, Nacaguma IO, Kunii IS, da Silva REC, Maeda SS, 

Brandão CMA, Vieira JGH, Lazaretti-Castro M (2025). Vitamin D supplementation in primary 

hyperparathyroidism: effects on 1,25(OH)(2) vitamin D and FGF23 levels. J Endocrinol Invest. 

48: 91-98. 

Pepe J, Colangelo L, Pilotto R, De Martino V, Ferrara C, Scillitani A, Cilli M, Minisola S, Singh R, 

Cipriani C (2024). Short-Term Effects of Escalating Doses of Cholecalciferol on FGF23 and 

24,25(OH)(2) Vitamin D Levels: A Preliminary Investigation. Nutrients 16: 3600.  

Prentice A, Goldberg GR, Schoenmakers I (2008). Vitamin D across the lifecycle: physiology 

and biomarkers. Am J Clin Nutr. 88: 500S-506S. 

Razzaque MS (2022). Interactions between FGF23 and vitamin D. Endocr Connect. 11. 

Rønn SH, Harsløf T, Pedersen SB, Langdahl BL (2016). Vitamin K2 (menaquinone-7) prevents 

age-related deterioration of trabecular bone microarchitecture at the tibia in 

postmenopausal women. Eur J Endocrinol. 175: 541-549.  

Romagnoli E, Mascia ML, Cipriani C, Fassino V, Mazzei F, D'Erasmo E, Carnevale V, Scillitani A, 

Minisola S (2008). Short and long-term variations in serum calciotropic hormones after a 

single very large dose of ergocalciferol (vitamin D2) or cholecalciferol (vitamin D3) in the 

elderly. J Clin Endocrinol Metab. 93: 3015-3020. 

Rossini M, Adami S, Viapiana O, Fracassi E, Idolazzi L, Povino MR, Gatti D (2012a). Dose-

dependent short-term effects of single high doses of oral vitamin D(3) on bone turnover 

markers. Calcif Tissue Int. 91: 365-369. 

Rossini M, Gatti D, Viapiana O, Fracassi E, Idolazzi L, Zanoni S, Adami S (2012b). Short-term 

effects on bone turnover markers of a single high dose of oral vitamin D₃. J Clin Endocrinol 

Metab. 97: E622-626. 

Rothen JP, Rutishauser J, Walter PN, Hersberger KE, Arnet I (2020). Oral intermittent vitamin 

D substitution: influence of pharmaceutical form and dosage frequency on medication 

adherence: a randomized clinical trial. BMC Pharmacol Toxicol. 21: 51. 

Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA, Young D, Nicholson GC 

(2010). Annual high-dose oral vitamin D and falls and fractures in older women: a 

randomized controlled trial. JAMA. 303: 1815-1822. 

Schurgers LJ, Teunissen KJ, Hamulyák K, Knapen MH, Vik H, Vermeer C (2007). Vitamin K-

containing dietary supplements: comparison of synthetic vitamin K1 and natto-derived 

mena-quinone-7. Blood 109: 3279-83. 

Sempos CT, Durazo-Arvizu RA, Dawson-Hughes B, Yetley EA, Looker AC, Schleicher RL, Cao G, 

Burt V, Kramer H, Bailey RL, Dwyer JT, Zhang X, Gahche J, Coates PM, Picciano MF (2013). Is 

there a reverse J-shaped association between 25-hydroxyvitamin D and all-cause mortality? 

Results from the U.S. nationally representative NHANES. J Clin Endocrinol Metab. 98: 3001-

3009. 



 

23 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

Simpson S, van der Mei I, Stewart N, Blizzard L, Tettey P, Taylor B (2015). Weekly 

cholecalciferol supplementation results in significant reductions in infection risk among the 

vitamin D deficient: results from the CIPRIS pilot RCT. BMC Nutrition 1: 7. 

Smith H, Anderson F, Raphael H, Maslin P, Crozier S, Cooper C (2007). Effect of annual 

intramuscular vitamin D on fracture risk in elderly men and women – a population-based, 

randomized, double-blind, placebo-controlled trial. Rheumatology (Oxford) 46: 1852-1857. 

Turner C, Dalton N, Inaoui R, Fogelman I, Fraser WD, Hampson G (2013). Effect of a 300 000-

IU loading dose of ergocalciferol (Vitamin D2) on circulating 1,25(OH)2-vitamin D and 

fibroblast growth factor-23 (FGF-23) in vitamin D insufficiency. J Clin Endocrinol Metab. 98: 

550-556. 

Vidal LF, Vidal M, Lane NE, Keen R, Alba R (2024). Doses and Schemes for Correcting Vitamin 

D Deficiency: An Update. Food and Nutrition Journal 8: 290. 

Wang T, Sun H, Ge H, Liu X, Yu F, Han H, Wang J, Li W (2019). Association between vitamin D 

and risk of cardiovascular disease in Chinese rural population. PLoS One. 14: e0217311. 

Zhang R, Li B, Gao X, Tian R, Pan Y, Jiang Y, Gu H, Wang Y, Wang Y, Liu G (2017). Serum 25-

hydroxyvitamin D and the risk of cardiovascular disease: dose-response meta-analysis of 

prospective studies. Am J Clin Nutr. 105: 810-819. 

Zhang Y, Liu Z, Duan L, Ji Y, Yang S, Zhang Y, Li H, Wang Y, Wang P, Chen J, Li Y (2020). Effect 

of Low-Dose Vitamin K2 Supplementation on Bone Mineral Density in Middle-Aged and 

Elderly Chinese: A Randomized Controlled Study. Calcif Tissue Int. 106: 476-485. 

Zittermann A, Berthold HK, Pilz S (2021a). The effect of vitamin D on fibroblast growth factor 

23: a systematic review and meta-analysis of randomized controlled trials. Eur J Clin Nutr. 75: 

980-987. 

Zittermann A, Berthold HK, Pilz S (2021b). Reply to Meshkini et al. European Journal of Cliical 

Nutrition. 

Zittermann A, Ernst JB, Prokop S, Fuchs U, Dreier J, Kuhn J, Knabbe C, Birschmann I, Schulz U, 

Berthold HK, Pilz S, Gouni-Berthold I, Gummert JF, Dittrich M, Börgermann J (2017). Effect of 

vitamin D on all-cause mortality in heart failure (EVITA): a 3-year randomized clinical trial 

with 4000 IU vitamin D daily. Eur Heart J. 38: 2279-2286. 

Zittermann A, Trummer C, Theiler-Schwetz V, Pilz S (2023). Long-term supplementation with 

3200 to 4000 IU of vitamin D daily and adverse events: a systematic review and meta-

analysis of randomized controlled trials. Eur J Nutr. 62: 1833-1844. 



 

24 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

 



 

25 / 26 © BfR  |  Vitamins D and K  |  Opinion issued 3 September 2025 

 

 

About the BfR 

The German Federal Institute for Risk Assessment (BfR) is a scientifically 

independent public health institution within the portfolio of the German Federal 

Ministry of Agriculture, Food and Regional Identity (BMLEH). The BfR advises the 
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chemical and product safety. The BfR conducts independent research on topics 

that are closely linked to its assessment tasks. 
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The internet portal www.microco.info provides information 

on vitamins, minerals and numerous other substances that 

we ingest with food or that are offered as food supplements. 

In addition, the individual pages contain the maximum levels 

of vitamins and minerals in food supplements and in fortified 
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