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Vitamin D is produced endogenously when the skin is exposed to sunlight and can be obtained
exogenously from a few natural food sources, from food fortification and from supplements.
Generally, vitamin D intake is low ≤ 2–3 µg/d in Europe. Casual exposure to sunlight is thought
to provide most of the vitamin D requirement of the human population. However, skin synthesis
of vitamin D may not compensate for the low nutritional intake in Europe, even in countries with
high supplies from food fortification and supplements. For assessment of vitamin D nutritional
status the concentration of 25-hydroxyvitamin D (25(OH)D) in serum is considered to be an
accurate integrative measure reflecting an individual’s dietary intake and cutaneous production. A
substantial percentage of the elderly and adolescents in Europe have a low concentration of
25(OH)D; in the elderly this percentage ranges from approximately 10 in the Nordic countries to
approximately 40 in France. Low vitamin D status seems to be aggravated by disease and
immobility, and by a low frequency of supplement use.

Vitamin D intake: Vitamin D recommendations: 25-Hydroxyvitamin D: Elderly: 
Adolescents: Europe

 PTH, parathyroid hormone; 25(OH)D, 25-hydroxyvitamin DVitamin D is produced endogenously when the skin is
exposed to sunlight and is obtained exogenously from
natural food sources, from food fortification and supple-
ments. Vitamin D requires activation by two successive
hydroxylation steps: first in the liver to form 25-hydroxy-
vitamin D (25(OH)D); then in the kidney to form
1,25-dihydroxyvitamin D (Parfitt et al. 1982). The
25-hydroxylation is very fast and almost unregulated in
contrast to the 1-hydroxylation that is strictly regulated by
parathyroid hormone (PTH; Shepard & DeLuca, 1980).
Vitamin D status is commonly defined by the level of
25(OH)D in circulating blood. Inadequate vitamin D intake
and/or insufficient sunlight exposure reduces serum
25(OH)D concentration causing secondary hyperpara-
thyroidism, which increases the risk of osteoporosis (Aloia
et al. 1985; Lips et al. 1987) and fractures in the elderly
(von Knorring et al. 1982; Morris et al. 1984; Lips et al.
1985; Meller et al. 1985).

International comparison studies have shown that among
adults serum concentrations of 25(OH)D vary between

countries, but are often higher in the USA and Canada
and in Scandinavia, compared with the rest of Europe
(McKenna, 1992; Lips, 2001). Contrary to expectations the
European Euronut SENECA Study found a positive associ-
ation between latitude and mean serum 25(OH)D, with
lower concentrations in Greece and Spain than in Norway
(van der Wielen et al. 1995). These differences in vitamin D
status must be accounted for by international differences,
still largely unexplained, in contributions to the vitamin D
supply from food, including the supply from fortification
and supplements, and the extent of solar skin exposure.

As individuals age the concentration of 25(OH)D
decreases, mainly because of a declining efficiency of skin
to produce vitamin D (MacLaughlin & Holick, 1985). Also,
the elderly may spend less time outdoors, especially if
institutionalised, and their food intake (including fish
intake) decreases, adding to the risk of vitamin D deficiency
and consequently osteoporosis (Lips et al. 1987).

The present short review focuses on comparisons of
vitamin D intake and frequency of low vitamin D status
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countries. The frequency of vitamin D deficiency obviously
depends on the lower reference limit and the season.
However, a substantial proportion of the independent
elderly population of Europe is vitamin D deficient, and this
proportion seems to be lower in the Nordic countries and
UK compared with the rest of Europe.

Studies from The Netherlands (Ooms et al. 1995a) and
Sweden (Toss et al. 1980) have shown that about one-third
of the elderly in nursing homes and in homes for the elderly
are vitamin D deficient (serum 25(OH)D < 20 nmol/l), and
this number may be even higher in the Republic of Ireland
where mean 25(OH)D concentrations of 9 nmol/l have been
reported for nursing home residents (McKenna et al. 1985).
In the UK 2·7 and 37 % of the institutionalised participants
in the 1994–5 National Diet and Nutrition Survey of
individuals ≥ 65 years had 25(OH)D concentrations < 12·5
and < 25 nmol/l respectively (Bates et al. 1999). Very low
serum 25(OH)D concentrations were found for geriatric
patients in the UK (Corless et al. 1975; Nayal et al. 1978;
Vir & Love 1978), Spain (Quesada et al. 1989) and France
(Fardellone et al. 1995); mean concentrations ranged from
3 nmol/l to 12 nmol/l and > 50 % had severe vitamin D
deficiency (serum 25(OH)D < 12·5 nmol/l). In Denmark
44 % of geriatric patients had severe vitamin D deficiency
(Egsmose et al. 1987). In Sweden vitamin D deficiency,
defined as serum 25(OH)D < 30 nmol/l, was found in
approximately 50 % of hospitalised women and 35 % of
hospitalised men and in 20 % of the home-living elderly
(Mowé et al. 1996). Severe vitamin D deficiency (serum
25(OH)D < 20 nmol/l) was found in 20 % of hospitalised
elderly men and 26 % of hospitalised elderly women in
Finland; for a comparable group of outpatients the
respective prevalences were much lower, 6 % for men and
2 % for women (Kauppinen-Mäkelin et al. 2001).

The European Euronut SENECA Study was conducted in
nineteen centres in eleven countries using a central labo-
ratory facility (van der Wielen et al. 1995). Lowest mean
winter serum 25(OH)D concentrations were found in study
centres in Greece (21 nmol/l in women and 25 nmol/l in
men) and the highest in Norway (48 nmol/l in women and
45 nmol/l in men). Serum 25(OH)D concentrations were
positively associated with latitude. Low 25(OH)D concen-
trations could be explained by reduced sunlight exposure
(time spent outdoors, clothing worn when exposed to
sunlight), low intake of fish and low physical health status.
The low concentrations of 25(OH)D in southern Europe
might also be explained by limited fortification of foods
with vitamin D and low frequency of supplement use.

Other adult age-groups

Low vitamin D status has also been demonstrated in the
healthy adult population in Europe. In 328 Finnish adults
aged 31–43 years low wintertime 25(OH)D concentrations
(< 25 nmol/l) were found in 26·2 % of the women and
28·6 % of the men (Lamberg-Allardt et al. 2001). In a
French urban population comprising 765 men aged 45–65
years and 804 women aged 35–60 years selected from
twenty cities 14 % of the subjects had 25(OH)D concen-
trations < 30 nmol/l (Chapuy et al. 1997). In a representative
sample (n 3276) of the general adult Swiss population 6 %
were found to have 25(OH)D concentrations of 20 nmol/l
(Burnand et al. 1992). Even in southern Italy a relatively
high prevalence of vitamin D deficiency can be found
among healthy young women (Carnevale et al. 2001). The
prevalence of hypovitaminosis D, defined by concentrations
of 25(OH)D < 30 nmol/l, was 27·8 % in winter and 3·4 % in
summer.

Table 2. Studies on vitamin D status in independent elderly populations from several European countries arranged according to latitude (north to south)
(Mean values and standard deviations)

Age
(years)

Serum 25(OH)D 
(nmol/l)

Country Study Mean SD Gender n Mean SD

Lower reference 
limit (nmol/l)

Vitamin D 
deficiency (%) Season

Iceland
Sweden

Denmark

Republic of Ireland
The Netherlands
Belgium
UK

Austria

Germany
France
Italy

Sigurdsson et al. (2000)
Melin et al. (1999)

Brot et al. (2001)

McKenna et al. (1985)
Lips et al. (1987)
Boonen et al. (1997)
Bates et al. (1999)

Kudlacek et al. (2003)

Scharla et al. (1996)
Chapuy et al. (1996)
Bettica et al. (1999)

70
≥80

45–58*

69
76
72

> 65

> 60

50–80*
80
59

5
4
5

3
8

F
M
F
F

M, F
M, F

M
M, F

M
F

M, F
F
F 

308
23
81

2016

30
74
40

approx 
800

40
65

415
440
570

53
70
65
63

21
33
47
56

57
43
43
43
45

20
23
30

14
18
27

31
27
23
25
20

30
25

25
50
25
20
30

12·5
25

25

25
30
30

13
4

7
40
21
16
18
2
8

26

24
39
28

Winter
Winter

All the seasons

Winter
All the seasons
All the seasons
All the seasons

Winter

Winter
Winter
All the seasons

25(OH)D, 25-hydroxyvitamin D.
*Range.
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