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Vitamin D 
Disclaimer 

This chapter describes the background for setting dietary reference values for “vitamin D” in the 6th 

edition of the Nordic Nutrition Recommendations (NNR2022). Magritt Brustad and Haakon E. Meyer 

has been assigned as authors. The present version of the chapter has been peer reviewed by Christel 

Lamberg-Allardt  and Inger Öhlund, and considered by the NNR2022 Committee. The chapter is now 

open for public consultation. The hearing responses will be publicly available and carefully considered 

by the NNR2022 Committee. All input considered by NNR2022 Committee as scientifically valid and 

relevant will be forwarded to the authors for consideration. Please note that sustainability aspects 

and other issues such as obesity, physical activity, and burden of diseases will be integrated at a later 

stage, if relevant. The NNR Committee is responsible for setting the dietary reference values. The 

suggestion for setting of dietary reference values will be open for public consultation at a later stage, 

before the NNR2022 Committee reach the final conclusion, and are not included in the document now 

available for public consultation. 

 

 

 
1. Abstract:  

Vitamin D is an essential nutrient. Its role in calcium and phosphorous metabolism, and 
in the development and maintenance of a healthy skeleton are well documented. In 
addition, there is some evidence for vitamin D decreasing total mortality and cancer 
mortality modestly, but not cancer incidence.  Vitamin D is unique, as both diet and sun 
induced production in skin are sources to this vitamin. Individual vitamin D status is thus 
a sum of both sun exposure and dietary intakes.  
The discovery of vitamin D receptors and the activation of biological active vitamin D in 
numerous tissues and organs in the body has given support to hypothesis on vitamin D 
having extra skeletal functions. The scientific literature on vitamin D and several health 
outcomes is high in numbers and has been increasing exponentially the last two decades. 
However, despite this large body of scientific publications and improvement in study 
quality, vitamin D supplementation has not shown to give additional health benefits 
when status is in sufficient range (i.e., circulating 25-hydroxyvitamin D >50nmol/l). Well-
designed studies on insufficient or deficient individuals are lacking.  
The totality of evidence does not support that increased intake of vitamin D beyond 
current recommendation will have additional beneficial health effects.  
 

2. Introduction:  
Vitamin D3 (cholecalciferol) is a steroid-like molecule synthesised from 7-
dehydrocholesterol in the skin by ultraviolet B (UVB) light from the sun (wavelength 
between 290 nm and 315 nm) (1). Human’s requirement for vitamin D3 can be met by 
exposing the skin to the sun radiation within this wavelength range. However, all the 
Nordic and Baltic countries (54°N–71°N) are situated at latitudes where the sun radiation 
is not sufficient part of the year for vitamin D3 production in skin to occur(2). This time of 
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the year is often referred to as the “vitamin D winter”. The duration of the vitamin D 
winter is increasing by increasing latitude.  
 
Food sources of vitamin D3 are fish and seafood especially fatty fish like salmon, trout, 

mackerel, and herring. Egg yolk also contains  vitamin D3    

Some foods contain the metabolite 25 hydroxy vitamin D [25(OH)D], in addition to their 

cholecalciferol (vitamin D3) content (like eggs), but there is not consensus on how to calculate 

the total contribution of vitamin D in such foods (3).  

Dairy products (including milk, butter and margarine) are fortified to a various degree in 

the Nordic countries. During recent years, the use of vitamin D fortification in different 

foods like oil and vegetable-based alternatives to milk products has increased, but it 

differs between countries. More details can be found in Itkonen et al (4). 

 
Vitamin D2 (ergocalciferol) is a form of vitamin D used in some supplements and fortified 

foods. Mushrooms are natural sources of D2. There is some evidence for D3 being more 

potent than D2 in raising vitamin D status in humans, however inconsistency in results 

from studies assessing this have been reported (5) . 

 
Vitamin D is regarded as a pro-hormone. After entering the body, it is first converted 
(hydroxylated) to 25-hydroxyvitamin D [25(OH)D] in the liver. Thereafter it is further 
hydroxylated to the active form of vitamin D, 1,25-dihydroxyvitamin D (calcitriol), 
predominantly in the kidneys but also in other tissues. 
 
Circulating 25(OH)D is considered to be the most reliable biomarker for vitamin D-status 
in humans as it captures both dietary intake and cutaneous vitamin D-production. 
Consensus on cut-offs for defining biomarker-levels for ‘sufficient’, ‘insufficient’ and 
‘deficient’, has been somehow hard to reach. However, based on available evidence 
there is a growing agreement that circulating 25(OH)D above 50 nmol/l corresponds to 
sufficient level, and less than 25-30 nmol/l indicates deficiency (5-7).  
 
Vitamin D deficiency can occur if the diet is devoid of the vitamin and there is little or no 

exposure to UVB radiation. Infants can develop rickets and adults/elderly people can 

develop osteomalacia, and for this reason vitamin D considered an essential 

micronutrient. The role of vitamin D for curing rickets in children, in mineralisation of 

bone, and calcium and phosphorous homeostasis is well described (6).  

 
Due to the role of vitamin D in securing a healthy skeleton, studies on vitamin D and the 
prevention of osteoporosis and fractures are many, however most intervention studies 
are on vitamin D in combination with calcium. 
 
The possible,  so called ‘extra-skeletal’ effects of vitamin D on human health has gained 
increased research attention during the last two decades as both the enzymes for 
activation of vitamin D and the vitamin D receptor are found in numerous tissues and 
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organs in the body.  For example, vitamin D is believed to play a role in various 
physiological systems like muscle, brain, pancreatic β cells, and may potentially impact 
on the cardiovascular as well as the immune systems (7). 
Many observational studies have shown associations between vitamin D and a long list of 
non-skeletal health outcomes and conditions.  
 
The former NNR2012 recommendation for vitamin D was based on a systematic 

literature review by Lamberg-Allardt et al. on quality assessed available evidence (7). This 

work concluded that there was an overall large heterogeneity in the literature, but 

conclusive evidence for protective effects on bone health, total mortality, and the risk of 

falling. It was emphasized that most intervention studies leading to these conclusions 

reported that intervention with vitamin D combined with calcium and not vitamin D 

alone, gave these benefits. Due to limited number of high quality randomized controlled 

trials available, the so-called strength of evidence (SOE) for some of the suggested health 

outcomes, were weak. Between the former NNR and present, there has been large 

increase in total number of scientific studies on vitamin D and health, also with some 

methodological improvements.  

 
As a basis for setting DRVs, the aim of this chapter is to describe updated evidence 
concerning the role of vitamin D on health-related outcomes since the previous version 
of NNR (NNR2012). Possible effects of vitamin D in the general population are 
considered, not in specific patient groups. 

 

3. Methods:  
This review follows the protocol developed within the NNR2022 project (“The Nordic 

Nutrition Recommendations 2022 – Instructions to authors of chapter”). The protocol 

can be found on the official NNR2022 website. The sources of evidence used in the 

chapter follow the eligibility criteria described in the paper “The Nordic Nutrition 

Recommendations 2022 – Principles and methodologies” published in Food & Nutrition 

Research (2020).  

Due to the very large amount of literature available on vitamin D and health, the 
literature search strategy was limited to ‘umbrella reviews’ or ‘review of reviews’. This 
research strategy was decided in dialog with the NNR2022 project leadership.  
 
With assistance and advice from the Head Librarian at The University Library, UiT The 
Arctic University of Norway (Grete Overvåg) the search was developed. The full search 
string is found in Appendix A. The time period for the search was from January 2011 
throughout 22 October 2021.  
 
Proper quality assessment instruments are lacking for umbrella reviews, and an adapted 
version of AMSTAR 2 (Appendix B) was therefore developed and used in this chapter.  
Not all questions in AMSTAR 2 are relevant for evaluating the quality of umbrella 
reviews. The original AMSTAR 2 consist of 16 questions. Our adapted AMSTAR 2 
contained the following original questions: 2,3,4,5,7,8,13,14, and 16 (confer Appendix B 
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for details) as these were considered relevant for umbrella reviews. Question #3 where 
however slightly adapted as it was evaluated as fulfilled if the selection was ‘reported 

and/or justified’. Thus, “explanation for selection of study design for inclusion” as it is 
stated in the original # 3 question in the AMSTAR 2 tool, was not required. The #4 
(literature search strategy used) was mandatory. Our adapted evaluation tool also 
included an additional final column where evaluation tool used in the included umbrella 
reviews were reported. The final grading of quality was based on a discretionary 
assessment, as the actual AMSTAR scores were not possible to calculate. The results 
from the included umbrella review were summarized in an evidence table (Table S1).  
Both the selection and quality assessment were done individually by the two authors and 
discordance discussed to reach agreements. 
In addition to the results from the systematic search and selection of umbrella reviews, 
qualified SRs identified by the NNR2022 Committee (5-9) constituted the source of 
evidence in this work. We have also consulted the Scientific advisory committee on 
nutrition (SACN) publication from December 2020; i.e. published after the identification 
of qualified review (2019) by the NNR2022 committee, entitled Update of rapid review: 
Vitamin D and respiratory tract infections(10).  
The remaining qSRs defined by the NNR2022 Committee were not included as final 
sources, as they were considered too old or newer updated versions were identified in 
the mentioned systematic search.  
The methodologies used previously to assess the dose-response relation between 
vitamin D intakes and circulating 25(OH)D concentrations are described in Annex C. 
 

4. Physiology: 500-1000 words.  
 

Vitamin D is the generic term for both vitamin D3 (cholecalciferol) and vitamin D2 
(ergocalciferol).  They are formed from their respective provitamins ergosterol and 7-
dehydrocholesterol (7-DHC) upon UVB radiation exposure and subsequent thermal 
isomerisation. Vitamin D2 differs from vitamin D3 in the side chain where it has a double 
bond between C22 and C23 and an additional methyl group on C24. 
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Figure 1. Vitamin D metabolism (6). 

 
Metabolism 

The liver rapidly takes up vitamin D formed in the skin or absorbed from the gut where it 
is hydroxylated to 25(OH)D (Figure 1). This metabolite is transported in plasma bound to 
the vitamin D binding protein (also known as the group-specific protein, Gc). The 
metabolite 25(OH)D is further converted into 1,25-dihydroxyvitamin D (calcitriol) in the 
kidneys. This is a calcium-regulating hormone that becomes active after binding to a 
nuclear vitamin D receptor. Together with parathyroid hormone and calcitonin, 1,25-
dihydroxyvitamin D ensures that the concentration of calcium and phosphate in the 
plasma is maintained within narrow limits. Its main function is to stimulate the 
absorption of calcium from the intestine. In concert with parathyroid hormone, it also 
stimulates release of calcium from bone thereby increasing the concentration of 
circulating calcium. Deficiency of vitamin D may result in defective mineralization leading 
to the development of rickets in children and osteomalacia in adults (7).  
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The presence of both enzymes for activation of vitamin D and the vitamin D receptors in 
several tissues, as well as epidemiological and experimental data indicate that vitamin D 
might also have extra-skeletal roles.   
 
Uptakes and bioavailability  
There is evidence for both increased absorption of vitamin D from oral intakes and 
higher level of skin production in people with deficient vitamin D status compared to 
sufficient status (6). There is some evidence that the bioavailability differs between 
different food sources (6, 7). 
 
Due to low content of vitamin D in breast milk, infants are recommended to receive 
vitamin D supplementation in all Nordic countries. In the former NNR, the vitamin D 
recommendation has been equal for children, adolescents, pregnant or lactating women, 
and adults. Vitamin D status remains stable during pregnancy (5). Due to reduced skin 
production capacity by age and reduced absorption for elderly, recommendations is 
higher for those >75 years.  
There are some indications in the literature (11) that intake of an equal dose of vitamin D 
may give different 25(OH)D levels, due to different genetic profiles (polymorphisms). 
However, the practical implications of this are unclear.  

 

5. Assessment of nutrient status.  

Plasma or serum concentration of 25(OH)D represents total vitamin D from diet and 

cutaneous synthesis. It is the most reliable biomarker for vitamin D status. However, 

widespread method-related discrepancies between different laboratory have caused 

concerns, especially when comparing data from different studies and laboratories. As a 

response to this problem, several efforts have been made to standardized results across 

laboratories. This includes the extensive Vitamin D Standardization Program (VDSP), 

which also have been used to standardize 25(OH)D measurements from population-

based studies in the Nordic countries (12). 

The liquid-chromatography-tandem-mass-spectrometry (LC-MS/MS) is considered the 

most valid method for measurement of vitamin D metabolites. The 25(OH)D metabolite 

has a mean half-life in blood at around two-three weeks.  Despite laboratory assay 

challenges, it is the established biomarker for both vitamin D2 and vitamin D3 (6). There 

is broad consensus that 25(OH)D levels below 25-30 nmol/l indicates vitamin D 

deficiency (5).  

 
 

6. Dietary intake in Nordic and Baltic countries.  
In general, data on intakes in Europe has shown increased intakes by increasing latitude. 

However, there are large variations between the Nordic countries when it comes to level 

of fortification of vitamin D in foods, which in turn affects the actual intake. Finland is an 

example of an extensive vitamin D fortification program which has contributed to an 
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improved vitamin D status in the population (4). Supplementation, especially in the form 

of cod liver oil, is also widely used, especially in Iceland and Norway.  

Concerning infants, EU legislations requires fortification of infant formula. In accordance 

with EU legislation, cereal-based products for infants/young children are fortified with 

vitamin D (4). 

The Nordic and Baltic counties are situated within the “vitamin D winter window” where 

the UVB radiation from the sun is not sufficient for skin produce vitamin D part of the 

year. This requires oral sources to the vitamin to secure sufficient vitamin D status in the 

population.  

There are vulnerable groups in the population due to low intake or limited sun exposure. 

Skin pigmentation will also to some degree attenuate vitamin D production. At risk 

groups includes some immigrant groups from Asia and Africa, old people, infants and 

teenagers. Strategies have been developed to increase intakes in line with 

recommendations in these groups (4). 

Mean vitamin D intake (excluding supplements) have been reported to be markedly 

under the recommended intake in all Nordic and Baltic countries except for Finland (13). 

The higher intake in Finland is in line with their successful voluntary vitamin D 

fortification policy (13) 

Based on selected studies, mean concentration of 25(OH)D seems to be in the sufficient 

range and approximately similar in the Nordic countries (60–65 nmol/l) among adults, 

except that older data indicate that the concentrations are lower in Iceland (4). In spite 

of this, a notable proportion of the populations have concentration < 50 nmol/l (vitamin 

D insufficiency), especially during winter. We refer to Annex Cfor dose-response 

methodology descriptions.  

 

 
7. Health outcomes relevant for Nordic and Baltic countries.  
 

Results from systematic research of umbrella reviews 
The selection procedure for umbrella reviews, reasons for exclusions, and final papers 
identified in the systematic search are all shown in the flow chart in Figure 2.  
The search in PubMed gave 25 hits. After independent assessment by two reviewers (MB 
and HEM) of title and abstract and discussion of discordances, 9 umbrella reviews/review 
of reviews were selected for further evaluation. The identified papers were quality 
assessed by use of the adapted AMSTAR 2 checklist (Appendix B). Eight umbrella reviews 
were evaluated as being of sufficient quality, whereas one paper (14) was excluded 
because it was not a systematic review.  
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Health outcomes in umbrella reviews and qualified systematic reviews 

Numerous health outcomes were included in the identified umbrella reviews. They are listed 

in supplement Table 1 (evidence table). Most of the included outcomes or topics in the 

identified umbrella reviews and qualified reviews were also included in the former NNR2012 

process. However, there have been methodological improvements, increased number of 

studies and published original papers on these outcomes the last decade.  

 

New assessed outcomes identified in the umbrella reviews or the qualified systematic 

reviews not mentioned in the former NNR2012 process were: dementia/cognitive disorders, 

neuropsychological functioning, asthma, and pain. In addition, some of the outcomes 

mentioned in NNR2012 have now been more elaborated in the recent literature, including 

infection related outcomes with specific infections/inflammation conditions as well as some 

immunomarkers and cancer mortality.  

 

Conclusive evidence in NNR2012 – is it still valid?  

In the systematic review which constituted the basis for the former NNR2012 
recommendations on vitamin D by Lamberg-Allardt et al., it was concluded that vitamin D 
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combined with calcium but not vitamin D alone reduced the risk of fracture (total fracture 
and hip fracture) (7).  
The results from this present review of the umbrella reviews, confirm the lack of effect of 
vitamin D supplementation alone (without calcium) on the prevention of fractures in 
intervention studies. Challenges in the interpretation of the contribution of vitamin D  in 
studies both administering vitamin D and calcium was already mentioned and discussed in 
the systematic review by Lamberg-Allardt et al (7). The evidence for vitamin D not having an 
effect alone (without calcium) on preventing falls and fractures, has now been strengthened.  
The recent literature has given increased evidence-weight for a small protective effect of 

vitamin D on total mortality. Three (15-17) of the identified umbrella reviews reports vitamin 

D preventing total mortality with significant effect estimates around 6% or less. Autier et al 

(16) reported that reduced mortality associated with vitamin D supplementation was not 

modified by concomitant calcium supplementation. The SCAN vitamin D and health report 

from 2016 (5) reports reduced mortality risk for vitamin D and calcium combined. 

 

Evidence-status for suggested relevant health outcomes 

The hypotheses and list of other health outcomes and condition possible affected by vitamin 

D status are to various degrees supported by both biological- and observational evidence. 

However, updated systematic reviews including an increased number of RCTs have in 

general not shown clear beneficial preventing effects of vitamin D.   

The umbrella reviews identified, support a preventive effect on cancer mortality ranging 

from 12-16% reduction in risk estimates (16, 18), but not on cancer incidence. 

Biological evidence for vitamin D’s immunomodulatory and anti-inflammatory properties 

(19) supports the hypothesis on vitamin D having beneficial role on immune responses. In 

the identified umbrella reviews, we found some evidence supporting a preventive effect of 

vitamin D on acute respiratory tract infections (ARTI)(20). The Update of rapid review: 

Vitamin D and acute respiratory tract infections by SACN December 2020 (21) aimed at 

assessing evidence from RCTs on vitamin D and risk of ARTIs published after the 2016 SACN 

report on Vitamin D and Health (5). The SCAN 2020 (21) concluded that vitamin D may 

reduce the risk of respiratory tract infection, but that the size of any potential benefit of 

vitamin D in reducing acute RTI risk may be small. Further, the SCAN 2020 report (21) also 

concludes that evidence does not support vitamin D supplementation as preventive means 

for ARTIs, due to large degree of heterogeneity both methodologically with regards to study 

settings, doses, reporting and assessment outcomes, as well as the fact that RCTs published 

after 2017 did overall not report preventive effect of vitamin D on ARTIs. (5) 

Three (15, 22, 23) out of the eight identified umbrella reviews encompassed pregnancy 

outcome related topics. Strongest support was articulated by Matteussi et al (15) based on 

their review on Cochrane systematic reviews where they conclude with “some benefits from 

vitamin D supplementation” on preterm birth risk and low birth weight with a risk reduction 

at 64% and 60 % respectively. However, this was not supported in the two other identified 

umbrella reviews (22, 23) mainly due to low quality evidence.  
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Due to low methodological quality conclusions could not be made on an effect of vitamin D 

on cognition and dementia (20, 22, 24). 

 

Toxicity  

Hypercalcaemia, bone demineralisation, calcification of soft tissue and renal damage are 

reported as outcomes of acute and chronic exposure to very high vitamin D intakes. 

Hypercalcemia has been defined as the most accurate endpoint (5). Adverse effects of 

excess vitamin D were not the topic for any of the identified umbrella reviews, however 

some RCTs have reported increased risk for some outcomes under study (falls and fractures) 

in the intervention group after high dose vitamin D supplementation given as very large 

bolus doses (5).  

The EFSA 2016 (6) states that circulating 25(OH)D concentrations above 220 nmol/L may 

lead to hypercalcemia. The qualified review from EFSA 2018 Update of the tolerable upper 

intake level (UL) for vitamin D for infants (8), concludes with tolerable upper intake level of 

25 μg/day for infants 0-6 months, and a UL of 35 μg/day for infants 6-12 months. 

The UL in NNR2012 at an intake of 100 µg/d, was based on the conclusion by EFSA in 2012 

(25) and Institute of Medicine (IOM) (26) in 2011. The identified literature for this review, 

does not provide additional evidence for revising this former UL.   

 

 

8. Requirement and recommended intakes.  
The potential preventive role of vitamin D has gained much attention in the past decade. 

This attention has resulted in a large increase in original papers as well as reviews. During 

this decade, the total scientific knowledge in the field has moved upwards in the evidence 

hierarchy, from observational evidence to increasing number of RCTs, meta-analysis, and 

systematic reviews.   

Overall, the summarized evidence extracted from the large amount of literature shows that 

as methodological quality increases, the evidence has become weaker for a preventive effect 

of vitamin D on most outcomes 

There is observational support for associations between vitamin D status and health on 

various health outcomes. However, the interpretation for associations have challenges due 

to various biases and confounding. On the other hand, one could argue that RCTs have some 

methodological limitations in favour for observational studies. This is because RCTs on 

vitamin D can e.g. not necessarily capture the sufficient long-time exposure of vitamin D 

relevant for some diseases, the control group is never a “non-exposed group”, as well as un-

defined dose-response curves causing impropriate designs with regards to intervention-

doses and baseline-levels. On the other hand, it is also well known that vitamin D status is 

associated  with other risk factors for disease like  physical activity or fish intakes (7).  In 
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addition, circulating 25(OH)D might be influenced by disease processes, and reverse 

causation may occur (5). 

 

 

Bone health including falls   

Vitamin D’s role in preventing rickets and osteomalacia is well established. In the different 

revisions on dietary recommendations the last decades, intakes to control these diseases 

have not been a pronounced issue when setting recommendations, as preventing these 

diseases is believed to require only modest doses of vitamin D (5).  

Bone health in addition to rickets and osteomalacia were the main determinant for the 

recommendations in IOM (27) and in the systematic review in the NNR2012 process by 

Lamberg-Allardt et al (7). The main challenge in interpreting the available literature on these 

endpoints has been the administration of both calcium and vitamin D in the intervention 

groups. In Lamberg-Allardt et al (7), it was concluded that no fracture preventing effect of 

vitamin D alone has been shown in RCTs. As more studies have been conducted intervening 

with vitamin D alone, this statement has been strengthened.  

Lamberg-Allardt et al. (7) concluded that there was ‘overall fair evidence that vitamin D with 

calcium is effective in preventing falls in the elderly especially in those with low baseline 

25(OH)D concentrations, both community dwelling and in nursing care facilities. Limited new 

information was found in the identified umbrella reviews. Mateussi et al (15) only included 

systematic reviews already included in Lamberg-Allardt et al. Theodoraout  et al  (22) 

concluded that based on RCTs, vitamin D alone had no preventive effects on falls. 

Based on available literature assessed in this review there is little or no evidence that raising 

circulating 25(OH)D concentration above 50nmol/l has any additional bone health impact.  

 

Non-skeletal health outcomes 

Hypothesis on non-skeletal health benefits from increased circulating vitamin D 

consentrations have caused the exponential increase in research on vitamin D and numerous 

health outcomes in the last two decades. There is strong biological evidence for vitamin D 

having a role beyond calcium metabolism and the mineralization of bone. The mechanistic 

and molecular knowledge on this is increasing quickly. However, randomized controlled 

trials have to a large extent failed to confirm health benefits of vitamin D supplementation 

(except for total mortality, and for cancer mortality where the evidence has been 

strengthened). On the other hand, methodological critique of these RCTs has focused on the 

fact that most studies have been conducted in subjects with circulating 25(OH)D 

concentration above 50 nmol/l; i.e. the level identified as sufficient. In addition, high doses 

of vitamin D have been administered, either at daily, monthly, or even at yearly intervals.  
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Interestingly, there are indications of effects from supplementations among subgroups with 

deficient levels of circulating 25(OH)D concentrations. The ethical challenges however, with 

conducting RCTs on selected populations at deficient levels are obvious. With regards to 

setting recommended intakes for vitamin D, this indication of an effect of supplementation 

in deficient groups supports the aim of avoiding vitamin D deficiency in the population (5). 

However, the literature in the current review does not support that circulating 25(OH)D 

concentrations beyond 50 nmol/l is required to achieve sufficient vitamin D health.  

 

 

Knowledge gaps 

Methodological improvements, a large number of studies and published original papers have 

increased the total strength of evidence (SOE). In particular, the growing number of well-

designed RCTs on vitamin D and several outcomes have increased the SOE compared to the 

evidence status a decade ago. However, identified weaknesses are challenges related to 

calcium being administered together with vitamin D interventions, few studies conducted on 

participants with deficient 25(OH)D concentrations, and still lack of well-designed RCTs on 

some suggested vitamin D related health outcomes. 

More knowledge on vitamin D status being a result of, more than a cause of diseases and ill 

health, could have methodological implications on future study designs. In addition, more 

knowledge on the direction of the relation between vitamin D and diseases will have 

implications on the interpretation of available data.  

The role of vitamin D in inflammation and inflammation-related diseases is interesting,  

However, based on today’s knowledge the evidence is weak and cannot guide dietary 

recommendations. 

 

Implications for recommendations 

There is convincing evidence for recommendations to be set to prevent the population from 

being vitamin D deficient defined as 25(OH)D <30nmol/l. There is an increasing body of 

evidence showing that there is no additional health benefit from increasing the 25(OH)D 

levels above the suggested sufficient level at around 50nmol/l. 

Based on the totality of present available scientific evidence on vitamin D and health, the 

overall picture is in line with what was described a decade ago when the NNR2012 was 

revised. The updated evidence does not justify revision of the recommendations. The 

strength of evidence has increased due to the large research activity within this field. Thus, 

there is stronger certainty now to conclude that increasing the recommendations will not 

have an effect in reducing disease risks in the population. 

The recommendation for elderly (above the age of 75) is twice as high as the 

recommendation for the rest of the population.  There is no support for this elevated 

recommendation for the elderly to be altered.   
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Table S1 Evidence table with summary of results for the 8 identified umbrella reviews.  

First authors  Year 

 

Study designs 
N=included 
papers with 
SRs/MAs 

 Time/ 
Last updated 

Outcomes 
 

Reported risk reduction 
with vitamin D 
 

Conclusions  
Copied from abstract 
 

Comments 

Autier et al 
(ref) 
 

2017 Meta-analysis, 
(RCTs) 
N=28 (MAs) 

 01.01.2013-
31.05.2017 
 

Mortality, CVD, 
Cancers/neoplasms, 
adiposity, Glucose 
metabolism disorders, 
Respiratory tract 
infections, Tuberculosis, 
Asthma, Daily 
functioning, MS, Pain, 
Rheumatic conditions, 
serum biomarkers for 
inflammation. 

All-cause mortality  
Cancer mortality. 
 
 
 

Recent meta-analyses reinforce the 
finding that 10–20 µg per day of 
vitamin D can reduce all-cause 
mortality and cancer mortality in 
middle-aged and older people’  
 
 ‘The main new finding highlighted by 
this systematic review is that vitamin 
D supplementation might help to 
prevent common upper respiratory 
tract infections and asthma 
exacerbations. 
 

 

Theodoratou 
et al (ref) 

2014 Systematic rev 
Meta-analysis of 
RCTs and 
observational 
studies 
N=268 

 -11th 
October 
2013 

Autoimmune diseases, 
cancer outcomes, 
cardiovascular 
outcomes, cognitive 
disorders, infectious 
diseases, metabolic 
disorders, 
neonatal/infant/child 
related outcomes, 
pregnancy related 
outcomes, skeletal 
outcomes (including 
falls), and “other” 
outcomes 

Maternal vitamin D 
status or 
supplementation on 
birth weight and dental 
caries in children but 
good quality studies are 
needed 

Despite a few hundred systematic 
reviews and meta-analyses, highly 
convincing evidence of a clear role of 
vitamin D does not exist for any 
outcome, but associations with a 
selection of outcomes are probable 

Excluded 
studies 
intervening 
with 
vitamin D 
and 
calcium 

Maretzke et 
al 

2020 RRs of RCT and 
cohort studies + 
single Mendelian 
RS 
N=73 

 1st January 
2010 - 
March/April/
May 2019 

Asthma, dementia, 
cognitive decline, 
depression, MS, T1DM 

Observational data 
show associations 
between vitamin D 
status and the risk of 
acute respiratory tract 
infections (ARI), 
dementia and cognitive 
decline, and depression. 
SRs of RCTs support 
observational data only 
for the risk of ARI 

Since several limitations of the 
included SRs and existing RCTs do not 
permit definitive conclusions 
regarding vitamin D and the selected 
diseases, further high-quality RCTs 
are warranted. 

 

Sluyter et al 2021 Meta analysis 
from: 

 -12th May 
2020 

Cancer 
 

 In conclusion, meta-analyses show 
that, although observational evidence 

 



Case control 
Cross sectional 
Nested case 
control  
Prospective 
cohort 
RCTs 
N=35 

Observational evidence 
for cancer incidence, 
mortality, particularly 
colon cancer.  
 
Supplementation 
reduced cancer 
mortality 
 

indicates that low vitamin D status is 
associated with a higher risk of 
cancer outcomes, randomized trials 
show that vitamin D supplementation 
reduces total cancer mortality, but 
not cancer incidence. However, trials 
with larger proportions of vitamin D-
insufficient participants and longer 
durations of follow-up, plus 
adequately powered data on site-
specific common cancers, would 
provide further insight into the 
evidence base 

Rejnmark et 
al 

2017 Meta analysis on 
RCTs 
N=46 

 - 1st Dec. 
2016 

CVD, blood pressure, 
type 2 diabetes (T2D), 
body weight, birth 
weight, malignant 
diseases, respiratory 
tract infections 
(excluding tuberculosis), 
depression, and 
mortality 

Mortality, 
Respiratory tract 
infections 

Published RCTs have mostly been 
performed in populations without low 
25OHD levels. The fact that most MAs 
on results from RCTs did not show a 
beneficial effect does not disprove the 
hypothesis suggested by 
observational findings on adverse 
health outcomes of low 25OHD levels. 
 

 

Aghajafari et 
al 

2018 All study types 
with and without 
Meta analysis 
N=11 

 -June 2017 Alzheimer disease, 
dementia, cognitive 
performance  

Observational evidence 
for dementia 

This systematic evaluation of 
available systematic reviews provided 
a clearer understanding of the 
potential link between low serum 
vitamin D concentrations and 
dementia. This evaluation also 
showed that the quality of the 
available evidence is not optimal 
because of both the low 
methodological quality of the reviews 
and low quality of the original 
studies. Interpretation of these 
systematic reviews should therefore 
be made with care. 

 

Mateussi et 
al 

2017 Review of 
Cochrane 
systematic 
reviews 
intervening with 
vitamin D 
N=27 

 - 4th April 
2017 

Prevention for 10 
outcomes (17 for 
treatment, not included 
here) 
Asthma  
Fractures 
Maternal outcomes  
Cancer 
Mortality 

Asthma (reduction of 
severe exacerbations) 
Preterm birth risk 

Risk of low birth weight 

Mortality  
Cancer mortality  
Rate of falls in elderly 
living in care facilities 

Based on moderate to high quality of 
evidence, the Cochrane systematic 
reviews included here showed that 
there were some benefits from 
vitamin D supplementation for 
pregnant women and asthma 
patients and no benefits for 
preventing fractures. 

 



Bone mineral density in 
children 
Rickets  
Infection in children 
under 5 y 
Falls in elderly living in 
care facilities  
  

Bialy et al 2020 Observational 
RCTs 
N=13 

 -January 
2019 
 

Preterm birth 

Pre-eclampsia 

Gestational diabetes 

Small for gestational age 

Low birth weight 

Stillbirth 

Caesarean section 

Some observational 

evidence (preterm 

birth, Pre-eclampsia, 

gestational diabetes, 

small for gestational 

age), but not for RCT ex 

for low quality study 

(small for gestational 

age) 

There is some evidence from SRs of 
observational studies for associations 
between vitamin D serum levels and 
some outcomes; however SRs 
examining effectiveness from RCTs 
showed no effect of vitamin D 
supplementation in pregnancy with 
the exception of one predefined 
outcome, which had low quality 
evidence. Credibility of the evidence in 
this field is compromised by study 
limitations (in particular, the 
possibility of confounding among 
observational studies), inconsistency, 
imprecision and potential for 
reporting and publication biases 

 

         

 



Appendix A – Search terms in PubMed 
With assistance and advice from the Head Librarian at Science and Health Library, UiT The Arctic 
University of Norway (Grete Overvåg), the following search term was used in PubMed to capture 
umbrella reviews/review of reviews, time limited to January 2011 throughout October 22end 2021.  
"Vitamin D"[Title] AND ((("overview*"[All Fields] OR ("review"[Publication Type] OR "review 
literature as topic"[MeSH Terms] OR "review"[All Fields]) OR ("metabolism"[MeSH Terms] OR 
"metabolism"[All Fields] OR "synthesis"[All Fields]) OR ("summaries"[All Fields] OR "summary"[All 
Fields]) OR ("cochran"[All Fields] OR "cochran s"[All Fields] OR "cochrane"[All Fields] OR "cochrane 
s"[All Fields]) OR ("analysis"[MeSH Subheading] OR "analysis"[All Fields])) AND ("reviews"[Title] OR 
"meta-analyses"[Title] OR "articles"[Title] OR "umbrella"[Title])) OR "umbrella review"[Title/Abstract] 
OR ("meta-review"[Title/Abstract] OR "metareview"[Title/Abstract]))  
This search in PubMed gave 25 hits.  
 
After individually assessing title and abstract and discussing discordance, 9 umbrella reviews/review 
of reviews were selected for AMSTAR 2 evaluation. One of these were excluded because it was not a 
systematic review. The selected 8 papers were quality assessed by use of an adapted version of 
AMSTAR II (not all questions in AMSTAR II are relevant for umbrella reviews). The final grading of 
quality was based on a discretionary assessment as an AMSTAR score was calculated. 
  



Appendix B. Quality assessment with modified AMSTAR 2 

 
Author 

2  
Prior 
established 
method  

3  
Reported 
selection 
of study 
design# 

4  
Literature 
search strategy 
used 

5  
Duplicate 
selection 

7 
 List of excluded 
papers and 
justification 

8  
Adequa
te 
details 

13  
RoB accounts 

14  Heterogeneity 
handling 

16  
Conflict of 
interest 
reported 

Quality 
assessment 
tools used in 
the included  
reviews  

Autier et al ? 1 1 0 0 1 1 1 1 AMSTAR 
Theodoratou 

et al 
? 1 1 1 0 1 1 1 1 Yes, but 

actual tools 

not clear 
Maretzke et 

al 
1 1 1 1 0 1 1 1 1 AMASTAR 

Sluter et al 0 1 1 0 0 1 1 1 1 AMSTAR 

Rejnmark et 
al 

1 1 1 0 0 1 1 1 1 AMSTAR 
 

Aghahafari et 
al 

1 1 1 1 1 1 1 1 1 AMSTAR 

Mateussi et al ? 1 1 1 1 1 1 1 1 GRADE 

Bialy et al ? 1 1 1 0 1 1 1 1 AMSTAR/ 

GRADE 
           

0=no; 1=yes; ?= uncertain;  # Reported and/or justified selection (modified from AMSTAR 2) 

Critical methodological weaknesses: No 4 is mandatory 
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Appendix C
Vitamin D intake and serum 25OHD concentrations: Approaches to 

dose–response analyses

Rikke Andersen and Inge Tetens

Serum or plasma 25-hydroxyvitamin D (25OHD) concentration serves as a biomarker of total vitamin D 

exposure (D2 and D3) from oral sources (foods, fortification, supplements) and cutaneous synthesis. 

When obtained during periods of low exposure to UV-B irradiation from sunlight serum or plasma 

25OHD concentration can be used as a biomarker of oral vitamin D intake. 

A 25OHD concentration of 25 or 30 nmol/l represents a cut-of below which the risk of clinical vitamin D 

deficiency increases, manifested as nutritional rickets in children and osteomalacia in adults. Most 

expert agencies consider a 25OHD concentration of 50 nmol/l to reflect a sufficient vitamin D status 

concerning bone health. 

In setting DRVs, different approaches have been used to analyse the dose-response relationship 

between vitamin D intake and 25OHD concentration. In this Appendix the different approaches are 

described. 

Institute of Medicine 

Regression analyses of the relationship between serum 25OHD concentrations and log-transformed 

total intake of vitamin D were undertaken by Institute of Medicine (IOM) in 2011 [1]. In this approach 

total vitamin D intake from diet and supplements are included in the analyses.  

The analyses included results from randomized controlled (RCT) intervention trials with the following 

inclusion criteria:  

• using total vitamin D intake (from food and supplements)

• carried out at latitudes above 49.5°N in Europe or Antarctica

• conducted during winter with limited sun exposure

In the first step in the dose-response analysis the analyses were performed separately on: 

• children and adolescents (1-18 years), based on 3 studies

• young and middle-aged adults (19-60 years), based on 3 studies

• older adults (>61 years), based on 5 studies

In total 11 RCTs were included. 

The response of serum 25OHD concentration to vitamin D intake was found to be non-linear, the rise 

being steeper below 25 µg/day and flattening above 25 µg/day. Regression analysis (n = 1376), was 
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preceded by a log transformation of the total vitamin D intake data, since the log transformation was 

the best curvilinear fit. A significant association between dose and serum 25OHD levels was found. 

Baseline 25OHD concentrations and age was found to have no significant effect in the response of 

25OHD concentration to total vitamin D intake.  

Given the lack of an age effect, the second step included a single, combined regression analysis with 

study as a random effect. Besides, an analysis for latitudes 40–49°N during winter found that achieved 

25OHD concentration was around 24% higher for a given total intake compared to that achieved in the 

previous analysis at higher latitudes, besides it explained less variability than the model at higher 

latitudes. Therefore, IOM decided to focus on latitude above 49.5°N to set DRVs for vitamin D. 

IOM selected the estimated intakes needed to reach the targeted serum 25OHD values of 40 and 50 

nmol/l. Using the dose-response curve and the lower limit of 95% CI, it was found that at a total intake 

of 10 µg/day, the predicted mean 25OHD concentration was 59 nmol/l in children and adolescents, 

young and middle-aged adults, and older adults with a lower limit of the CI of about 52 nmol/l.  With the 

same approach it was found that at a total intake of 15 µg/day, the predicted mean 25OHD 

concentration was 63 nmol/l with a lower limit of the CI of 56 nmol/l. These results were used to set 

EARlike and RDAlike for vitamin D, respectively, which take into account the uncertainties in these 

analyses. 

 

Nordic Council of Ministers 

Regression analyses estimating the overall dose-response relationship between intake and serum 

25OHD concentrations were undertaken by the Nordic Council of Ministers (NCM) in 2014 [2]. 

The analyses included results from RCTs with the following inclusion criteria:  

• using vitamin D supplements at various levels 

• carried out at latitudes covering the Nordic region or just south of (latitudes 50°-61° N) 

• conducted during winter with limited sun exposure 

• administered doses of vitamin D ≤ 30 µg/day. 

The analyses were performed separately on: 

• children and adults (up to about 60 years of age), based on 7 RCT studies 

• older adults and elderly (above 65 years of age), based on 4 studies.  

In total of 10 different RCTs conducted in the Nordic countries were included. However, due to the 

limited number of RCTs with elderly above 65 y, a repeated cross-sectional study with 8 sub-groups was 

also included.  

The relationship between vitamin D supplementation intake and serum 25OHD concentrations (log 

transformed) was analysed using fitted line plot. The outcome was displayed by graphs. 

Using the lower 95% confidence interval in the graph, an intake of about 10 µg/d was considered to be 

sufficient to ensure a serum 25OHD concentration about 50 nmol/l in the majority of the population. 
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The AR was set as the intake maintaining a mean serum 25OHD concentration in half of the subjects of 

about 50 nmol/l. Using the lower 95% confidence interval in the graph, intakes sufficient to ensure a 

serum 25OHD concentration in the majority of the population were estimated, and used to set RI. 

 

Scientific Advisory Committee on Nutrition 

Meta-regression analyses and modelling of data on dose-response between vitamin D intake and 25OHD 

concentration from vitamin D RCTs in adults and adolescent girls were undertaken by Scientific Advisory 

Committee on Nutrition (SACN) in 2016 [3] by use of two different approaches: A meta-regression 

approach based on group means and an approach using data from individual participant data in vitamin 

D RCTs. The relationship between vitamin D intake and serum 25OHD concentration was explored 

during winter in various age-groups. 

In the meta-regression approach, group mean or median serum 25OHD data from the intervention arms 

from selected RCTs were used together with an estimate of total vitamin D intake (from foods and 

supplements). The resulting regression line and its 95% confidence intervals were used to estimate 

average requirements (EAR) at group level. 

In the approach using individual participant data from three vitamin D RCTs covering three different age 

groups [4–6], inter-individual variability estimates were obtained with the possibility to estimate the 

distribution of individual intakes required to achieve what SACN considered estimations of the 

distribution of intakes required to achieve specified serum 25OHD concentrations at the individual level. 

The mean serum 25OHD concentration was modelled as a linear function of vitamin D intake and 95% 

confidence intervals were calculated. 

 

The inclusion criteria for the RCTs were that studies were conducted during winter with limited sun 

exposure. 

 

The modelling exercise estimated average daily vitamin D intake required to maintain serum 25OHD 

concentration ≥25 nmol/l in winter by 97.5% of the population based on different analytical methods to 

measure 25OHD concentration. 

 

Applying a precautionary basis, a serum 25OHD concentration of 25 nmol/l was selected as the target 

concentration to protect all individuals from the risk of poor musculoskeletal health. This concentration 

was considered to be a ‘population protective level’; i.e., the concentration that 97.5% of individuals in 

the UK should be above, throughout the year, in terms of protecting musculoskeletal health. 

 

The next step in estimating DRVs for vitamin D was translation of the serum 25OHD concentration of 25 

nmol/l into a dietary intake value that represents the RNI for vitamin D; i.e., the average daily vitamin D 

intake that would be sufficient to maintain serum 25OHD concentration ≥ 25 nmol/l in 97.5% of 

individuals in the UK. The average vitamin D intake refers to the mean or average intake over the long 

term and takes account of day to day variations in vitamin D intake. The RNI was estimated by modelling 
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data from individual RCTs in adults (men & women, 20-40 y and 64+ y) and adolescent girls (11 y). The 

RCTs had been conducted in winter so that dermal production of vitamin D was minimal. 

 

The modelling exercise of individual data indicated that the estimated average daily vitamin D intake 

needed to maintain serum 25OHD concentration ≥ 25 nmol/l in winter by 97.5% of individuals in the 

population was 12 μg/d based on serum 25OHD analysis by LC-tandem MS or 9 μg/d based on analysis 

of the same sera by immunoassay. Since the target threshold serum 25OHD concentration of 25 nmol/l 

was based on studies which had used a range of different assays to measure serum 25OHD 

concentration, the RNI (safe level) was set between these 2 estimates, at 10 μg/d. 

 

 

The work with Individual participant data (IPD) meta-regression analysis were continued years later 

among light-skin participants in RCTs with vitamin D fortified foods [7] and among dark-skinned 

participants in RCTs with supplements or vitamin D fortified foods [8]. One-stage IPD meta-analysis was 

performed in both studies. 

The analyses included results from randomized controlled (RCT) intervention trials. The inclusion criteria 

were [7,8]: 

• Age ≥2 years 

• Latitudes ≥40°N 

• Endpoint in winter 

• Duration ≥6 weeks 

• In [7]: Light-skinned participants (Fitzpatrick skin types V or VI was excluded)  

• In [8]: Dark-skinned participants of Black or South Asian descent  

In total 11 [7] and 10 [8] (6 studies on Blacks, 3 in South Asians and 1 mixed group dark-skinned) RCTs 

were included. 

In [7] a log-log model was judged to be the best fit, and the analysis included an unadjusted model and a 

model adjusted for covariates (mean values for baseline 25OHD, age and BMI). In [8] a linear mixed 

regression model with vitamin D intake as the independent variable (a fixed effect) and square root-

transformed 25OHD concentration as the dependent variable was used, and the analysis included an 

unadjusted model, as well as a model adjusted for covariates (mean values for baseline 25OHD, age and 

BMI). In both studies, the results are presented as vitamin D intake estimates required to maintain 

serum 25OHD above 25, 30 and 50 nmol/l. 

 

European Food Safety Authority 

Meta-analyses, meta-regression analyses and dose-response models estimating the dose-response 

relationship between total vitamin D intake and serum/plasma 25OHD concentration were undertaken 

by the European Food Safety Authority (EFSA) in 2016 [9]. As preparatory work, a comprehensive 

literature review was performed to identify and summarise studies that could be used to assess the 
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dose-response relationship [10] . Data from prospective observational studies were analysed but not 

included in the meta-regression dose-response model, which was based on RCTs. 

Meta-analyses: 

• Inclusion criteria were: 

o Young and older adults as well as  children 

o Vitamin D3 only 

o Summary data available or possible to estimate/impute 

o Dose of supplemented vitamin D ≤ 100 µg/day 

After applying the inclusion criteria to the 57 RCTs from the review, the final data set included 83 arms 

from 35 RCTs, 4 of the RCTs (9 arms) were carried out on children. Absolute achieved mean values and 

mean differences were analysed to check for the inclusion of trials/arms in the dose-response analysis 

and to complement the results from the dose-response models. Mean differences in achieved mean 

25OHD concentration were calculated for 30 RCTs (5 did not have control group). 

Meta-regression and dose-response models: 

The final data set included 83 arms from 35 RCTs, 4 of the RCTs (9 arms) were carried out on children. 

Weighted linear meta-regression analyses of total vitamin intake (habitual plus supplemental intake) vs. 

mean achieved serum or plasma 25OHD concentration measured at the end of the winter sampling 

points 

• Two model constructs were explored: 

o Non-linear (log linear): total vitamin D intake was transformed to the natural log (ln) 

before regression analysis 

o Linear: mean achieved 25OHD concentrations were regressed to total vitamin D intake 

on its original scale ( for doses > 35 µg/day) 

• The log linear model was retained to better describe the dose-response shape and to be able to 

include results from higher dose trials. 

• The models were adjusted and a detailed description of the regression analysis including 

handling of model fitting, baseline measurements, inter-individual variability on dietary intake, 

model checking diagnostics and influencing factors is described in EFSA 2016.  

• Interpretation of the intervals drawn around the meta-regression lines: 

o Confidence Intervals (CI): illustrates the uncertainty about the position of the line, i.e. 

across-study conditional means. 

o Prediction Intervals (PI): illustrates the uncertainty about the true mean that would be 

predicted in a future study, i.e. the dispersion of the true effects around the mean. 

The same equations were used both to predict the achieved mean serum 25OHD concentrations 

conditional to total vitamin D intakes of 5, 10, 15, 20, 50, 100 µg/day and to estimate the total vitamin D 

intakes that would achieve serum 25OHD concentrations of 50, 40, 30, 25 nmol/l and applied to all and 

to adults and children separately, respectively.  
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EFSA concludes that based on the available data, ARs and PRIs for vitamin D cannot be derived, and 

therefore defines AIs for all population groups and that the dietary intake of vitamin D estimated to 

achieve a serum 25OHD concentration of 50 nmol/l should be used for all age and sex groups. 

Setting the AI was based on the prediction interval in the adjusted model of the meta-regression 

analysis of serum 25OHD concentration according to total vitamin D intake (natural log of the sum of 

habitual diet, and fortified foods and supplements using vitamin D3). 

 

Summary  

The different approaches that was used by different agencies [1–3,9] to define the relationship between 

vitamin D intake and serum 25OHD concentrations included meta-regression or regression analyses 

based at group mean (aggregate data) level. Also, an approach based on meta-regression analyses based 

on individual participant data (IPD) has been applied [3]. All approaches applied data from RCT studies 

conducted during the wintertime with no or little UV expose. 

Using mean group level data for dose-response relationship follows the conventional approach used by 

IOM and NCM [1,2]  in setting DRVs, using the mean findings from a group of individuals in a (meta)-

regression line to estimate the AR value to achieve a specific and pre-defined serum 25OH concentration 

and its lower 95% confidence intervals to estimate the RI which theoretically covers the majority – or 

97.5% of the population - at group level to reach a certain pre-defined threshold. This threshold is set 

based on separate analysis on the relationship between 25OHD concentration and health outcomes, 

which is also based on mean group level. The advantage of this approach is that it follows the 

conventional approach to set DRVs (AR and RI) [11]  at group level, which is in accordance with the 

approach used setting the thresholds of sufficiency in the relationship between status and health 

outcomes. However, this group mean level does not take into account the inter-individual variability.   

SACN used the dose-response relationship data to identify a safe level or RNI of vitamin D intake to 

maintain a 25OHD concentration above 25 nmol/l for 97.5% of the population. EFSA concluded that the 

available evidence does not allow the setting of ARs and PRIs for vitamin D, and therefore defines 

adequate intake (AI) for all population groups and that the dietary intake of vitamin D estimated to 

achieve a serum 25OHD concentration of 50 nmol/l should be used. 

Using individual data from RCTs studying the dose-response relationship has the advantage that it takes 

into account the inter-individual variability. The available data from the IPD-papers [7,8] would allow the 

possibility to identify the intakes of vitamin D needed at the individual level to reach a certain threshold 

for 25OHD concentration. However, this approach requires that the threshold for sufficiency for the 

relationship between 25OHD concentration and health outcomes, which is up to now set based on 

mean group levels, is reconsidered. 
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