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Abstract 
 

The requirement for vitamin D can ideally be met by the amount formed in the 
skin by sun exposure. However, several studies from the Nordic countries have 
shown that deficiency occurs when the dietary intake is low. Dietary vitamin D 
is thus required in addition to that formed in the skin.  
 
Requirement of a nutrient is the lowest amount needed to avoid clinical 
symptoms while recommended intake includes a security margin to account for 
individual variability and uncertainties in the data. Former recommendations 
were based on the minimum amount required to avoid clinical manifestations 
like rickets or osteomalacia to which was added an amount for security. Vitamin 
D is converted to 25-hydroxyvitamin D (25(OH)D) in the liver and the 
concentration of this metabolite in plasma is a marker of vitamin D status. 
Recommended intakes of vitamin D are now based on the effect on plasma 
concentration of 25(OH)D.  The distribution in a healthy population is in the 
range 25 to 125 nmol/L. Values of 25(OH)D >50 nmol/L may be considered 
acceptable, 25-50 as vitamin D insufficient, 12.5-25 as deficiency and <12.5 as 
serious deficiency.  To ensure an acceptable vitamin D status in the population, 
the recommended dietary intake of vitamin D according to the Nordic Nutrition 
Recommendations 2004 is 10 µg/d for the age groups 6-23 months and above 61 
years and 7.5 µg/d for all other age groups. Dietary intake (supplements 
excluded) is of the order of 3 to 5 µg /d, somewhat higher in men than in 
women. There is a large variation in intake, in particular when supplements are 
included. Only about 40% of the adult Norwegian population do not take cod 
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liver oil or other supplements. The lowest intake is seen among adolescents. 
Low levels of serum 25(OH)D have been found in population groups in all the 
Nordic countries suggesting that the actual intake of vitamin D is lower than 
desirable. Furthermore, the intake is not sufficient to avoid a drop in 25(OH)D 
during the winter months. To diminish this seasonal drop the recommended 
intake for adults has been increased from 5 to 7.5 µg/d.  
 
Large amounts of vitamin D may lead to hypercalcemia, nephrocalcinosis and 
kidney failure. Infants and children are more sensitive than adults. No clear toxic 
level has been defined, but based on the effects on serum 25(OH)D and risk of 
hypercalcemia, the following upper levels of intake have been proposed: for 
infants and children up to age 10 years 25 μg/d, for adolescents and adults 50 
μg/d. 
 
 

Vitamin D status 
      
Vitamin D3 or cholecalciferol1 is a steroid-like molecule that is synthesized 
from 7-dehydrocholesterol in the skin under the influence of ultraviolet B light 
(wavelength between 290 nm and 315 nm) (1) (fig. 1). 
 

 

Figure 1. Formation of vitamin D3 in the skin. 
 

                                           
 
 
 
1 One IU (international unit) corresponds to 0.025 μg vitamin D 
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It may also be derived from the diet. Sun exposure of the skin is more important 
than diet and dermal production can totally cover the requirement for the 
vitamin. A rather modest exposure to sunlight is sufficient to produce a 
satisfactory amount of vitamin D in the skin (1). Exposure of the face, arms, 
hands and legs to sunshine for 6-8 minutes 2-3 times a week is more than 
adequate to satisfy the requirement (2). Experience demonstrates, however, that 
under Norwegian living conditions and at the latitude of the Nordic countries, 
vitamin D deficiency may occur if the diet has limited amounts of the vitamin. 
Infants may develop rickets and elderly people osteomalacia. For this reason 
vitamin D has to be considered an essential micronutrient.  
 
The liver rapidly takes up vitamin D formed in the skin or absorbed from the gut 
where it is hydroxylated to 25-hydroxyvitamin D (25(OH)D). This metabolite is 
transported in plasma bound to the vitamin D binding protein. The circulating 
concentration of 25(OH)D is a good marker of vitamin D status. The distribution 
in the healthy population is generally found to be 25 to 125 nmol/L. Vitamin D 
is also a prohormone because 25(OH)D is further converted to a hormone, 1,25-
dihydroxyvitamin D, in the kidney. The main functions of this hormone are to 
stimulate calcium absorption in the gut, mobilise calcium from bone and to a 
certain extent stimulate re-absorption of calcium in the kidney. It is now clear 
that vitamin D also has several other functions related to cellular differentiation 
and metabolism (3). There is a marked seasonal variation in serum 
concentrations of 25(OH)D seen both in children (4) and in adults (5) with a 
marked downward shift during the winter months (fig. 2).  
 
Under Nordic climatic conditions there are indications that exposure to sunlight 
is insufficient for enough vitamin D to be formed in the skin and for vitamin D 
status to be maintained during the winter months. A study from northern Finland 
in 1980 showed that vitamin D status was satisfactory during the summer, but 
that a large number of the individuals had unsatisfactory vitamin D status during 
the winter months (6). On the other hand satisfactory serum levels of 25(OH)D 
and seasonal variation was found among adults in a similar study from Tromsö 
in northern Norway (7). These studies indicate that light intensity during 
summer is sufficient at 70 degree north to elicit vitamin D formation in the skin. 
The explanation for the difference in vitamin D status between the 2 population 
groups during the winter months is that at the time of these studies the 
consumption of fish and margarine fortified with vitamin D was much higher in 
Norway than in Finland. These findings indicate that dietary vitamin D is 
essential to ensure satisfactory vitamin D status at northern latitudes, in 
particular during the winter months. The question is how much is needed and 
what intake should be recommended? 
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P-25-OH-Vitamin D in late winter 
189 healthy Danish persons (87 males + 102 females)
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P-25-OH-Vitamin D in late summer 
203 healthy Danish persons (99 males + 104 females)
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Figure 2. Distribution of plasma 25(OH)D in Danish men and women during winter 
(n = 189, upper panel) and during summer months (n = 203, lower panel) (modified 
from ref. 5 with permission from author and journal). 
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Recommended intake versus requirement  
Recommended intake of a nutrient is not equivalent to requirement. 
Requirement is the lowest amount needed to avoid clinical symptoms or to avoid 
physiological or biochemical changes that might indicate suboptimal health. 
Recommended intake includes a security margin that takes into account 
individual variability and uncertainties in the data. In the Nordic Nutrition 
Recommendations 2004 (NNR 2004) the term ‘recommended intake’ (RI) refers 
to ‘the amount of a nutrient that according to present knowledge can meet the 
known requirement and maintain good nutritional status among practically all 
healthy individuals’(8). 
Recommended intakes as expressed in the NNR 2004 are primarily valid for 
groups of healthy individuals and are to be used as a basis for planning of diet. 
 
Problems in setting recommendations 
A main problem is to choose the criteria to be used as a basis for the 
recommendations. Disease states and clinical symptoms were the first to be 
used, but the health condition may be seriously reduced when clinical symptoms 
appear. Amounts needed to prevent or cure rickets or osteomalacia were 
previously used to arrive at recommendations for vitamin D. A daily dose of 2.5 
µg of vitamin D was found sufficient to cure or prevent rickets or osteomalacia. 
Adding what was considered a reasonable margin of safety, a daily intake of 10 
µg was recommended for infants and 5 µg for all other age groups.   
The effect of dietary vitamin D on the concentration of  25-hydroxyvitamin D in 
plasma is now the criterion generally used as a basis for recommendations. But 
this raises a new question, namely what criteria should be used to set reference 
values for 25(OH)D? 
 
Criteria used for evaluating vitamin D status 
Different levels of vitamin D status have been proposed depending on the 
relation of serum 25(OH)D to: 
- Clinical symptoms  

Rickets is seen at levels < 12 nmol/L 
Osteomalacia in the range 12-20 nmol/L 
Histological signs of osteomalacia may be seen at levels <30 nmol/L 

- Effect on serum concentration of 1,25(OH)2D that will increase with serum 
25(OH)D up to 40-50 nmol/L 

- Absorption of radiocalcium attains a level with serum 25(OH)D at 50 nmol/L 
- Increased secretion of parathyroid hormone (PTH). This occurs at low levels of 

25(OH)D and the lowest level associated with normal PTH would ideally 
be the criterion of choice. PTH, however, also depends on other factors 
like calcium intake and age and therefore variable values of 25(OH)D, 
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most in the range 38-80 nmol/L, have been reported not to be associated 
with hyperparathyroidism (for a critical discussion on this issue see ref 5).  

- Associations with different health outcomes  in epidemiological studies (”soft” 
endpoints) have indicated a favorable range of 75-100nmol/L.  

- Results from intervention studies. Randomized control studies would be the 
ultimate goal on which to base recommendations. Only one relevant such 
study has been published showing a reduced risk of cancer when the 
concentration of 25(OH)D was above 80 nmol/L corresponding to a daily 
intake of 20 µg vitamin D (9). 

 
Reference values of 25(OH)D for evaluation of vitamin D-status in the 
population  
The values given below have been used to evaluate vitamin D status in the 
population in two recent official reports from Denmark (5,10) and Norway (11). 
 
 
 
Serum or plasma 
25(OH)D  

 
   Characterization 

 > 50 nmol/L 
  

 acceptable 

 25-50 nmol/L   suboptimal –  
 vitamin D insufficiency

 12.5-25 nmol/L     vitamin D deficiency 
 < 12.5 nmol/L    serious  

 vitamin D deficiency 
 

Recommended daily intake of vitamin D   
To ensure an acceptable vitamin D status in the population, the recommended 
daily vitamin D intake according to NNR 2004 (12) is the following:  
 
Age  µg   
6-23 mo 10 
2-9 yrs 7.5 
10-60 yrs 7.5  
61 > yrs 10 
  
Compared to the previous edition of NNR, the recommendation for the age 
groups 2-60 years has been increased by 50% from 5 µg/d in order to diminish 
the seasonal drop in plasma 25(OH)D during the winter months. Elderly with 
little or no sun exposure should in addition receive a supplement of 10 µg/d . 
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These recommendations were based on the available literature up to 2003.  
Results from intervention studies with hard endpoints like the one mentioned (9) 
might require re-evaluation of these figures in the future. 
 
Dietary intake of vitamin D 
A recent report on vitamin D status in the Norwegian population from the 
National Nutrition Council (11) gives an overview of the vitamin D intake in the 
population as estimated from several dietary surveys. The results are shown in 
tables 1-2.  
 
 
Table 1. Dietary intake of vitamin D (supplements excluded),  
household surveys (from ref 11). 
 
  1977-79 1986-88 1996-98 1999-01 2001-3

μg/d (mean) 4.1 4.0 4.5 4.4 4.3 

μg/10 MJ 4.0 3.9 4.9 4.7 4.6 

 

The intake has been low the last 30 years. More than half the individuals in the 
different age groups are below the recommended intake. Even if supplements 
are taken into account, the intake is low in many age groups. Most seriously, the 
intake is very low during adolescence, the period of life when bone formation 
and need for absorbed calcium is at the highest. 
The most important sources of vitamin D in Norway are enriched margarine and 
fish. 
Large variation in intake is found both when considering dietary and total intake 
when supplements are included (fig. 3). Use of cod liver oil and vitamin 
supplements is relatively common in Norway. Among adults in the Norkost 
study 1997 only 38% did not use cod liver oil or other supplements (More 
women than men used supplements in this survey). 
 
Daily intake of vitamin D (µg) in the Nordic countries 
Intake of vitamin D in the Nordic countries is about at the same level as in 
Norway (11). It is  slightly higher in Iceland due to widespread use of cod liver 
oil, and slightly lower in Denmark because until recently fortification of food 
has not been used. 
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Table 2. Mean (SD) intake of vitamin D (µg/d) in different age groups according to a 
nationwide survey (from ref. 11). 
 
Age group n Vit D without 

supplement  
μg/d 

Vit D with 
supplement  

μg/d 

Below 
recommended 

intake (%) 
12 months, 
not breast fed 

1231  9.4 (6.2)  

2 yrs      
Girls 852 2.5 (1.2) 10.0 (7.0)  
Boys 868 2.8 (1.5) 10.4 (7.0)  
4 år yrs     
Girls 185 2.4 (1.5) 7.1 (5.6) 66 
Boys 206 2.7 (2.1) 6.8 (5.3) 64 
9 år yrs     
Girls 411 2.6 (2.1) 5.0 77 
Boys 404 3.1 (3.0) 6.4 69 
13 år yrs       
Women 517 2.4 (2.5) 3.9 87 
Men 492 2.8 (3.0) 4.5 85 
16-29 yrs     
Women 354 3.4 (2.5) 8.8 (9.0) 55 
Men 340 5.5 (4.1) 9.8 (10.0) 54 
30-59 yrs       
Women 774 4.2 (2.8) 10.3 (9.1) 48 
Men 721 5.9 (4.1) 11.0 (10.9) 51 
60-79 yrs       
Women 246 4.0 (2.2) 12.5 (10.8) 47 
Men 237 5.8 (3.8) 13.9 (11.0) 48 
 
 
Tolerable Upper Intake Level (UL) of Vitamin D 
Excessive intake of vitamin D may be toxic. Vitamin D formed in the skin, 
however, does not reach toxic levels. High levels of 25(OH)D will cause plasma 
calcium to increase to levels where calcification of  soft tissues occurs. 
Calcification in the kidneys or nephrocalcinosis is the most serious and may lead 
to kidney failure and death. There are several reports of hypercalcemia in 
connection with uncritical supplementation of infant foods with vitamin D. 
EU Scientific Committee on Food (2002) has recently reviewed the literature 
and evaluated the risk of high intake of vitamin D (13). The committee 
concluded that at intake >100 µg/day and corresponding serum level 25(OH)D 
of 200 nmol/L there is risk of hypercalcemia and hypercalciuria. This level is 
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considered as NOAEL (No observed adverse effect level). Using a security 
factor of 2 results in a UL of 50 µg/day. For children the UL is set at  25 µg/day. 
Hathcock et al have recently proposed a UL of 250 µg/day (14). The UL will 
hardly be reached through dietary intake, only by taking excess supplemental 
vitamin D.  
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Figure 3. Vitamin D intake including cod liver oil and supplements, 2651women and 
men 16-79 yrs (1997). (21 persons with intake >50 µg are not shown on the figure) 
(from ref. 11). 
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