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Abstract

In recent years, there have been reports suggesting a high prevalence of low vitamin
D intakes and vitamin D deficiency or inadequate vitamin D status in Europe.
Coupled with growing concern about the health risks associated with low vitamin
D status, this has resulted in increased interest in the topic of vitamin D from
healthcare professionals, the media and the public. Adequate vitamin D status has
a key role in skeletal health. Prevention of the well-described vitamin D deficiency
disorders of rickets and osteomalacia are clearly important, but there may also be
an implication of low vitamin D status in bone loss, muscle weakness and falls and
fragility fractures in older people, and these are highly significant public health
issues in terms of morbidity, quality of life and costs to health services in Europe.

Although there is no agreement on optimal plasma levels of vitamin D, it is
apparent that blood 25-hydroxyvitamin D [25(OH)D] levels are often below rec-
ommended ranges for the general population and are particularly low in some
subgroups of the population, such as those in institutions or who are housebound
and non-Western immigrants. Reported estimates of vitamin D status within dif-
ferent European countries show large variation. However, comparison of studies
across Europe is limited by their use of different methodologies. The prevalence of
vitamin D deficiency [often defined as plasma 25(OH)D <25 nmol/l] may be more
common in populations with a higher proportion of at-risk groups, and/or that
have low consumption of foods rich in vitamin D (naturally rich or fortified) and
low use of vitamin D supplements.

The definition of an adequate or optimal vitamin D status is key in determining
recommendations for a vitamin D intake that will enable satisfactory status to be
maintained all year round, including the winter months. In most European coun-
tries, there seems to be a shortfall in achieving current vitamin D recommendations.
An exception is Finland, where dietary survey data indicate that recent national
policies that include fortification and supplementation, coupled with a high
habitual intake of oil-rich fish, have resulted in an increase in vitamin D intakes, but
this may not be a suitable strategy for all European populations. The ongoing
standardisation of measurements in vitamin D research will facilitate a stronger
evidence base on which policies can be determined. These policies may include
promotion of dietary recommendations, food fortification, vitamin D supplemen-
tation and judicious sun exposure, but should take into account national, cultural
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and dietary habits. For European nations with supplementation policies, it is

important that relevant parties ensure satisfactory uptake of these particularly in the

most vulnerable groups of the population.

Keywords: fortification, supplementation, vitamin D deficiency, vitamin D intake, vitamin

D sources, vitamin D status

Introduction

There has been a renewed interest in the nutrient vitamin
D. In 1975 there were about 250 peer-reviewed papers
published with the term ‘vitamin D’ in the paper title or
its abstract but 30 years later, in 2007, this number had
risen to around 1600 papers, and to 3774 in 2013.

In addition to its well-recognised role in musculoskel-
etal health, over the last decade evidence has suggested
that low serum concentrations of 25-hydroxyvitamin D,
25(OH)D, are associated with a number of non-skeletal
disorders including cancer, heart disease, high blood
pressure, diabetes, age-related cognitive decline, Parkin-
son’s disease, multiple sclerosis and arthritis. However,
whether low 25(OH)D is the cause or result of ill health
is not yet clear (Autier et al. 2014).

The classic function of vitamin D is to regulate calcium
absorption and homeostasis. It promotes calcium
absorption from the gut, enables mineralisation of newly
formed osteoid tissue in bone and plays an important role
in muscle function (NOS 2013). It is well recognised that
prolonged vitamin D deficiency is detrimental to the
skeleton, resulting in rickets in children and osteomalacia
in adults (Thacher & Clarke 2011). Serum 25(OH)D
concentrations in these disorders range from the unde-
tectable to around 20 nmol/l (DH 1998). Less severe
vitamin D deficiency, sometimes termed vitamin D insuf-
ficiency, may lead to secondary hyperparathyroidism,
bone loss, muscle weakness and falls and fragility frac-
tures in older people (NOS 2013). Currently approved
health claims for vitamin D under European nutrition
and health claim regulations include contribution to the
maintenance of normal bones and teeth, normal growth
and development of bone in children, normal absorption/
utilisation of calcium and phosphorus, normal blood
calcium concentrations and maintenance of normal
muscle function (EFSA 2009; 2010; 2014).

Although there are some areas of debate in relation to
vitamin D requirements and the impact of vitamin D
intake and status on many aspects of human health, there
is a general agreement that prevention of vitamin D
deficiency is a public health priority. There is concern that

low status appears to be prevalent in Europe, particularly
in older institutionalised adults and in some ethnic
groups (Mithal ez al. 2009; Lanham-New ez al. 2011).

The aim of this paper is to summarise the published
data on vitamin D intake and the estimated prevalence
of vitamin D deficiency, and to discuss approaches to
improve vitamin D intake and status in the European
population. Critically, it must be recognised that
vitamin D deficiency can be prevented, and as such it has
no place in Europe today.

Vitamin D and sun exposure

Vitamin D in the body may come both from dietary
sources and from synthesis in the skin triggered by sun
exposure, or more specifically ultraviolet B (UVB) irra-
diation. UVB irradiation stimulates cutaneous (skin)
synthesis of cholecalciferol, which is stored in adipose
tissue or undergoes hydroxylation in the liver to
25(OH)D, and then further hydroxylation in the kidney
to the biologically active form, 1,25-dihydroxyvitamin
D (IOM 2011; Vidailhet ef al. 2012).

UVB sunlight exposure, rather than diet, has been
reported as the main source for the majority of the
population (Calvo et al. 2005). Several environmental
factors, such as latitude and prevailing weather condi-
tions, determine whether sunlight of sufficient strength
is available to stimulate the conversion of 7-
dehydrocholesterol in the skin to cholecalciferol. Synthe-
sis of vitamin D varies during the year with peak levels of
plasma 25(OH)D recorded following the summer
months. In the northern hemisphere at latitudes greater
than around 40°N (north of Madrid, see Table 1), sun-
light is not strong enough to trigger synthesis of vitamin
D in the skin from October to March. Therefore, sub-
stantial proportions of the European population rely on
dietary vitamin D and body stores to maintain a healthy
vitamin D status, particularly during the winter season
(O’Connor & Benelam 2011).

However, in addition to European latitude, there may
be further factors resulting in inadequate sun exposure.
Lifestyle factors such as longer working hours indoors
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Table | Latitudes of European cities
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Table 2 Vitamin D terminology

Latitude,
Country Capital degrees north
Austria Vienna 48
Belgium Brussels 50
France Paris 48
Germany Berlin 52
Ireland Dublin 53
Portugal Lisbon 38
Spain Madrid 40
Sweden Stockholm 59
Turkey Ankara 39
United Kingdom London 51

and less outdoor playtime for children may impact on
achieving sufficient sun exposure. Furthermore, wide-
spread public health advice on the association of sun
exposure with skin cancer, as well as cosmetic concern
about premature skin ageing, has increased the use of
products with sun protection factor, which reduce cuta-
neous vitamin D production. This illustrates the chal-
lenge posed in balancing public health messages
concerned with the risk of vitamin D deficiency associ-
ated with lack of skin exposure to sunlight, with advice
about increased risk of skin cancer, resulting from exces-
sive exposure to sunlight that causes sunburn (ery-
thema). Cancer Research UK advises that individuals
should stay below their personal sunburn threshold to
minimise their skin cancer risk. This is supported by
evidence that sufficient vitamin D generally can be pro-
duced in summer at UK latitudes by exposing the skin to
sunlight for a few minutes only (minimising risk of
erythema and cell damage) in the middle of the day,
when the intensity of UVB is at its daily peak (Cancer
Research UK 2010).

Another challenge is that there are few good natural
dietary sources of vitamin D and there is increasing
evidence that the dietary supply is often insufficient to
offset the seasonal deficit in sunlight during the winter
months. Consequently, consideration of policies
regarding supplementation and fortification of foods
with vitamin D, as well as encouraging sensible expo-
sure to sunlight, are rising up the agenda in a number
of countries.

Equivalence, abbreviations and synonyms

In the literature, vitamin D concentrations are expressed
in different ways. Those most commonly used are listed
in Table 2.
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Equivalences
I ug=2.5nmol
I ug=401U
I ng/ml=2.5nmol/l
Abbreviations and synonyms
25-hydroxyvitamin D =25(OH)D = calcidiol
[,25-dihydroxyvitamin D = |,25(OH),D = calcitriol
Vitamin D = calciferol
Vitamin D, = ergocalciferol
Vitamin D3 = cholecalciferol

Source: Adapted from Vidailhet etal. 2012.
25(0OH)D, 25-hydroxyvitamin D.

Vitamin D status in Europe

Overview

The main circulating form of vitamin D in plasma is
25(OH)D. It serves as an indicator of vitamin D status
(Calvo et al. 2005; SACN 2007). It is also sometimes
referred to as serum 25(OH)D, and these two terms are
used interchangeably in this report, depending on usage
in the reference from which the information was drawn.

Vitamin D status is derived from the combination of
synthesis in the skin after sun exposure and intake of the
two main dietary forms of vitamin D: ergocalciferol
(vitamin D») and cholecalciferol (vitamin D;) (Lanham-
New et al. 2011). Personal characteristics, such as skin
pigmentation, age, style of clothing, use of sunscreen,
physical and outdoor activity and sun exposure behav-
iour, can prevent or promote vitamin D synthesis and will
influence vitamin D status (Cashman & Kiely 2014). For
example, melanin efficiently absorbs UVB photons and
people with increased skin melanin pigmentation (darker
skin) require longer exposures to sunlight to make the
same amount of vitamin D compared with light-skinned
people (Holick 2004). The importance of time spent
outdoors was shown in a Swiss population study, where
it was a significant predictor of low vitamin D levels in
patients aged over 65 years (Mithal et al. 2009). Studies
have shown an association between obesity and vitamin
D deficiency, and it has been suggested that this may be
due to vitamin D deposition in adipose tissue, resulting in
lower circulating 25(OH)D levels in the blood (Kienreich
etal. 2013).

Diet can also be an important determinant of vitamin
D status, including consumption of natural vitamin D
sources such as oil-rich fish, fortified foods and supple-
ments, intake of which will be influenced by cultural
dietary practices and national policies (IOM 2011;
Lamberg-Allardt et al. 2013). Plasma 25(OH)D concen-
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trations were lower in vegetarians and vegans than in
meat and fish eaters in a UK study (Crowe et al. 2011),
and the Hoorn Study in The Netherlands (van Dam
et al. 2007) reported that determinants of vitamin D
status were time spent outdoors, higher body mass
index (BMI), the consumption of oil-rich fish and forti-
fied fat spreads (fortified with 3 IU/g) and the use of
vitamin D supplements.

The importance of such factors in the groups
described as being at risk of vitamin D deficiency is
highlighted in the literature and by some government
health authorities (NICE 2013).

These groups include:

e pregnant and breastfeeding women;

e teenagers and young women;

e infants and young children under 5 years of age;

e older people aged 65 years and over;

® people who have low or no exposure to the sun, e.g.
those who cover their skin for cultural reason or who
are housebound or confined indoors for long periods;
e people who have darker skin, e.g. people of African,
African-Caribbean and South Asian origin and living in
Europe, because their bodies are not able to make as
much vitamin D for the reasons described above.

Not all European health bodies classify the same
population groups as at risk, although infants, institu-
tionalised elderly people and Asian/African immigrant
populations are frequently mentioned.

Definitions of adequate and optimal vitamin D status

Globally, there is a general consensus that blood
25(OH)D levels below 25 nmol/l (or 10 ng/ml) qualify as
‘deficient’, but beyond this there is currently no standard
definition or agreement as to ‘optimal’ 25(OH)D levels
(SACN 2007; Cancer Research UK 2010). The lack of
consensus and definitions between countries has given
rise to a range of terminology and associated values in the
literature to describe vitamin D status, including the
terms ‘deficiency’, ‘insufficiency’, ‘adequacy’ and
‘optimal’. Inconsistency in the cut-off levels used along-
side the interchangeable use of terminology makes accu-
rate comparisons of reported prevalence difficult
(Thacher & Clarke 2011; Hilger et al. 2014).

A blood 25(OH)D concentration below 25 nmol/l is
considered the lower threshold of vitamin D status
and/or an indicator of risk of vitamin D deficiency. This
cut-off value was set with regard to prevention of rickets
and/or symptomatic osteomalacia. It has been used for
defining the lower limit of adequacy of vitamin D status
in the UK (DH 1998), such that concentrations below

25 nmol/l should be achieved throughout the year by
97.5% of the population to protect against poor bone
health.

The US Institute of Medicine (IOM) recommenda-
tions for vitamin D (IOM 2011), based on a review of
the evidence, concluded that:

e serum 25(OH)D <30 nmol/l is deficient;

e serum 25(OH)D of 30-50 nmol/l may be ‘inadequate’
in some people;

e serum 25(OH)D >50 nmol/l is ‘sufficient’ for almost
the whole population (97.5%).

The UK National Osteoporosis Society (NOS 2013)
recently proposed that IOM vitamin thresholds should
be adopted by UK practitioners.

Although IOM suggests a 25(OH)D level above
50 nmol/l as a measure of ‘sufficiency’, a concentration
of <50 nmol/l would not necessarily be considered diag-
nostic of vitamin D deficiency, nor necessarily a thresh-
old for intervention with supplementation. The World
Health Organization (WHO) and the review undertaken
to inform the new Nordic Nutrition Recommendations,
NNR 2012, (Nordic Council of Ministers 2014) have
also defined vitamin D ‘insufficiency’ as a serum
25(OH)D below 50 nmol/l (WHO Scientific Group on
the Prevention and Management of Osteoporosis 2003;
Lamberg-Allardt ef al. 2013), with serum 25(OH)D
below 25 nmol/l considered to indicate ‘deficiency’. In
the critical review underlying the recommendations for
DACH countries (Germany, Austria and Switzerland)
(German Nutrition Society 2012), the authors estab-
lished a serum 25(OH)D concentration higher than
50 nmol/l as an indicator of optimal status. In 2000,
dietary reference values (DRVs) for vitamin D in The
Netherlands were established on the basis of a target of
at least 30 nmol/l for serum 25(OH)D level all year
round (Health Council of the Netherlands 2000). This is
derived from the level at which the risk of rickets in
children is minimal. In a more recent report, the expert
committee for the Health Council set a higher target
figure of at least 50 nmol/l for women aged 50 and over,
and for men aged 70 and over (Health Council of the
Netherlands 2012), based on evidence of the effect of
vitamin D supplementation on bone quality in the
elderly (Weggemans et al. 2009).

Most typically, vitamin D deficiency is marked by a
threshold of less than 25-30 nmol/l and insufficiency by
concentrations in the range 25-49 nmol/l, although
some have advocated higher sufficiency thresholds. The
Endocrine Society Task Force (Holick et al. 2011), for
example, dispute IOM recommendations and recently
published a clinical practice guideline that defined
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vitamin D deficiency as a serum 25(OH)D <50 nmol/I,
and advocate that 25(OH)D concentration should
exceed 75 nmol/l to maximise the effect of vitamin D on
calcium, bone and muscle metabolism. These recom-
mendations were echoed in the consensus for optimal
serum 25(OH)D concentrations from Central Europe,
including Poland, Hungary, Belarus, Estonia, Czech
Republic and Ukraine (Pludowski et al. 2013), with a
proposed range from 75-125 nmol/l. However, IOM
has emphasised the uncertainty about the strength of
evidence to support the need to aim for substantially
higher serum 25(OH)D concentrations of >75 nmol/l,
and others suggest that these proposals (75-125 nmol/l)
are somewhat premature (Bouillon et al. 2013) as the
evidence for functional outcomes associated with these
higher levels is currently unclear.

Limitations in comparisons of vitamin D status

Comparisons of the prevalence of vitamin D deficiency
are considerably hampered by a lack of consensus about
its definition, resulting in a variety of cut-off points
being used in European population studies (Hilger et al.
2014). Additional important limitations when compar-
ing studies relate to differences in study design, choice of
vitamin D assay methodology and the season or months
in which blood samples were taken, geographic latitude
of the population under study, and the age range, eth-
nicity and sex of the study populations (Wahl et al.
2012; Hilger et al. 2014).

The consistency of laboratory measurements is
improving with standardisation and strict guidelines now
in place in some research centres, but data collected
outside of such guidelines may be unreliable and should
be interpreted with caution. Recent improvements in
standardisation include use of the gold standard refer-
ence vitamin D method, liquid chromatography-mass
spectrometry, used for example by the US Centers for
Disease Control and Prevention (CDC) and the UK
National Laboratory for analysis of vitamin D for health
and nutrition surveys (Arneson & Arneson 2013).
Furthermore, the US National Institutes of Health estab-
lished the Vitamin D Standardization Program (VDSP)
in November 2010 to standardise the laboratory meas-
urement of vitamin D status worldwide. VDSP is a
collaborative effort with CDC, the National Institute of
Standards and Technology, the Laboratory for Analytical
Chemistry of Ghent University, Belgium, and the Vitamin
D External Quality Assessment Scheme. Key VDSP par-
ticipants include the national health surveys from Aus-
tralia, Canada, Germany, Ireland, Mexico, South Korea,
the UK and the US. Standardisation of methodology is
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essential to determine reliable thresholds for deficiency
and insufficiency and hence to identify poor vitamin D
status effectively.

Vitamin D status and prevalence of insufficiency

Estimates of vitamin D status within different European
countries (Table 3) show large variation. Vitamin D
deficiency [serum 25(OH)D <25 nmol/l] has been
reported in 2-30% of European adults, increasing in the
institutionalised elderly to 80% in some studies (Lips
2007). It should be stressed that vitamin D deficiency is
easily treatable, so high prevalence of vitamin D defi-
ciency is unacceptable in Europe. In the sections that
follow, the limitations of non-standardised methodol-
ogy used in studies should be recognised.

Mean vitamin status in Europe

The International Osteoporosis Foundation and DSM
Nutritional Products (DSM) have recently developed a
worldwide map to provide a global representation of
vitamin D status. The map is based on a systematic
review of worldwide literature published between 1990
and 2011 (Wahl et al. 2012; Hilger et al. 2014), which
identified 200 studies from 46 countries that assessed
circulating 25(OH)D in samples of randomly selected
children and adults, either from the general population
or from specific age groups within it. The categories
used for vitamin D status were >75 nmol/l (‘desirable’),
50-74 nmol/l (‘inadequate’), 25-49 nmol/l (‘insuffi-
cient’) and <25 nmol/l (‘deficient’). One of the key find-
ings was of significantly higher values in North America
than in Europe, a finding that the authors suggested
could be explained by the routine fortification of several
foods in the US (e.g. milk).

Studies and reviews (Mithal et al. 2009; Van Schoor
& Lips 2011) often report a north-south gradient in
Europe, with Scandinavian countries generally showing
higher values for circulating 25(OH)D than in Southern
Europe. The somewhat unexpected north-south gradi-
ent, with a positive correlation between vitamin D status
and latitude may be influenced by diets containing more
oil-rich fish, a higher use of cod liver oil and other
vitamin D supplementation, and population differences
in skin pigmentation (Mithal ez al. 2009). For example,
the significance of supplement use, including cod liver
oil, was reflected in vitamin D status in Iceland, with
serum 25(OH)D concentrations averaging <28 nmol/l in
February to March in adult men and women not taking
supplements, compared with 48 nmol/l for those taking
cod liver oil or other vitamin D-containing supplements
(Lamberg-Allardt et al. 2013). Interestingly, the north—
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Table 3 Vitamin D status reported in children and adults in Europe

Age range or

Population group Country Author, year mean (years) n Mean 25(OH)D status (nmol/l) with season if applicable
Young children Finland Piirainen etal. 2007 4 82 54.7 winter
4 36 64.9 winter, after fortification policy
United Kingdom Davies etal. 1999 1.5-4.5 756 51.8 winter, 74.0 summer
Bates etal. 2014 4-10 124 58.1 (37.2 January-March, 66.0 July-September)
Older children/ Denmark Andersen etal. 2005 12,5 (F) 59 24.4% winter
adolescents Iceland Kristinsson etal. 1998 1620 (F) 259 43.9 winter
Ireland McCarthy etal. 2006 ['1-30 (F) 15 39 winter
Andersen etal. 2005 122 (F) 19 41.3%
Netherlands Van Summeren et al. 2008 8-13 307 69.6
Poland Andersen etal. 2005 12.6 (F) 6l 30.6* winter
United Kingdom (N. Ireland) Cashman etal. 2008 12-15 1015 623 M,583 F
United Kingdom Bates etal. 2014 [1-18 276 43.0 (31.5 January—March, 52.3 July-September)
All children Austria Koenig & Elmfada 2000 419 1143 264
Adults Austria Kudlacek etal. 2003 21-76 1048 52.2 winter
Belgium Richart etal. 201 20+ 542 714 M, 734 F
MacFarlane etal. 2004 21-65 126 48.2 winter
Moreno-Reyes etal. 2009 40-60 401 350
Denmark Rudnicki etal. 1993 35-65 125 255
Rejnmark etal. 201 | 17-87 (F) 2316 62%
Brot etal. 1999 45-58 (F) 510 24
Frost etal. 2010 20-29 (M) 700 64.9
Finland Lamberg-Allardt etal. 2001 31-43 328 450 M, 470 F
Partti etal. 2010 30+ 6241 45.1
Mattila etal. 2007 40-69 4097 43.6
France Blain et al. 2009 18-76 (F) 248 64.1
Chapuy etal. 1997 35-65 1569 61.0
Malvy et al. 2000 35-65 1191 79.5 winter
Germany Hintzpeter et al. 2008a 18-79 4030 452 M, 447 F*
[taly Carnevale etal. 2001 369 90 427
Norway Brustad etal. 2004 44-59 (F) 300 569
Grimnes etal. 2010 25-74 6932 589
Meyer etal. 2004 45-75 869 74.8
Spain Gomez etal. 2004 15-70 253 527 M, 499 F
Muray etal. 2006 35 391 234 M, 21.3 F autumn
Switzerland Burnand etal. 1992 25-74 3276 500
Older adults Belgium Boonen etal. 1996 70-90 (F) 245 564
Boonen etal. 1997 70-87 (F) 129 432
Czech Republic Zofkova & Hill 2008 623 (F) 47 582
Denmark Andersen etal. 2005 71.6(F) 53 47.8 winter
Dalgard etal. 2010 70-74 669 47.6
Rejnmark et al. 2008 50-82 (F) 315 57
Ireland Andersen etal. 2005 65.1 (F) 43 43.7* winter
Hill etal. 2005 51-69 (F) 44 54.5 winter
[taly Adami etal. 2008 69-80 (F) 697 37.9 winter
Poland Napiorkowska et al. 2009 60-90 (F) 274 33.5 winter
Andersen etal. 2005 71.6(F) 65 32.5% winter
Spain Almirall etal. 2010 65-93 237 42.9 winter
Sweden Burgaz etal. 2009 61-83 (F) 100 72.0 winter
Gerdhem et al. 2005 7575 (F) 986 95.0
Hagstrom et al. 2009 71 (M) 958 69.0
Melin etal. 2001 79-95 104 699 M, 649 F
The Netherlands Kuchuk etal. 2009 65-88 1319 532
Pilz et al. 2009 50-75 614 536
Lowik etal. 1990 65-79 529 400 M, 380 F
United Kingdom Bates etal. 2003 65+ 924 497t
Elia et al. 2005 65+ 1026 49.5
Wareham etal. 1997 40-65 1057 564 M, 50.1 Ff
Bates etal. 2014 65+ 212 44.5 (40.5 January—March, 50.5 July-September)

Source: Adapted from Wahl etal. 2012; Hilger etal. 2014.

In comparing data, comments about limitations in methodology should be taken into account.
*Median value.

TWeighted mean.

25(OH)D, 25-hydroxyvitamin D; F, female; M, male.
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Table 4 Year-round mean plasma 25(OH)D and the proportion with 25(OH)D concentration below 25 nmol/l all year round and in
summer and winter months in free living children and adults from UK National Diet and Nutrition Survey 2008-2012

Mean year-round

% below 25 nmol/l

% below 25 nmol/l % below 25 nmol/l

Age (year)/gender 25(OH)D nmol/l year round January—March July—September
1.5-3 boys and girls 58.1 7.5 n/a n/a
4-10 boys 523 12.3 314 1.7
4-10 girls 48.0 15.6
['1-18 boys 44.9 19.7 40.0 134
[1-18 girls 411 244
19—64 male 43.5 24.0 393 8.4
19-64 female 47.3 21.7
65* male 47.0 16.9 293 36
65* female 42.5 24.1

Source: Bates etal. 2014.
25(0OH)D, 25-hydroxyvitamin D; n/a, not applicable.

south European gradient was not confirmed in the latest
review (Hilger et al. 2014), although higher values were
observed among elderly people in Sweden compared
with elderly people from other European countries.

Within countries, the variation in vitamin D status can
also be high. The Supplementation en Vitamins et
Mineraux Antioxydants (SUVIMAX) study in French
men and women aged 35-65 years showed a mean serum
25(OH)D of 43 nmol/l in Northern France and 94 nmol/l
in the southwest of France (Chapuy et al. 1997). In this
study, the correlation between serum 25(OH)D and lati-
tude was inverse as expected, probably reflecting the
importance of sunlight exposure in populations with
similar national dietary and supplement patterns.

A literature review of studies of healthy populations
in Central Europe (Pludowski et al. 2014) reported a
mean wintertime 25(OH)D concentration range from
around 28 nmol/l in Poland to 45 nmol/l in Estonia.
Summertime 25(OH)D concentrations ranged from
45 nmol/l in Ukraine to around 88 nmol/l in Hungary,
and annual average values specifically in larger studies
(n>100) ranged from 35 mmol/l in Ukraine to
72 nmol/l in Belarus. The authors also reported mean
serum concentration of vitamin D in Central Europe to
be similar to Western European countries of comparable
latitude; wintertime values ranged from 33 nmol/l in
Denmark to 50 nmol/l in Austria, whereas those in
summertime ranged from 58-87 nmol/l.

Although general population means give a crude
snapshot estimate of the vitamin D status of European
populations, they are not informative about the propor-
tion of the population that is vitamin D deficient or the
prevalence of low vitamin D status in vulnerable groups,
and may not reflect important seasonal variations (see
Tables 4 and 5).
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An analysis of the UK National Diet and Nutrition
Survey for the period 2008/2009-2011/2012 (see
Table 4) reported, as expected, highest mean 25(OH)D
concentrations in those providing a blood sample during
July to September and lowest during January to March
(Bates et al. 2014). Marked seasonal variations were also
reported in an evaluation of the vitamin D status of 6146
Danish adults (Thuesen et al. 2012). Prevalence of
vitamin D deficiency, defined as 25(OH)D <25 nmol/I,
was 13.8% and insufficiency [25(OH)D <50 nmol/l] was
52.2%, with median concentrations lowest in February
and highest in August. Seasonal variation was reported in
Germany; 9.8% of men aged 18-79 years had a
25(OH)D level below 25 nmol/l in summer and in winter
this rose to 21.4%. Similarly in The Netherlands, in adult
females the proportion with vitamin D status below
25 nmol/l in summer was 3%, but this rose to 14% in
winter.

As illustrated in Table 5, the cut-off point used to
define deficiency will influence the proportion of the
population reported as deficient or with low status.

Prevalence of deficiency in European
population subgroups

Some of the concern over low vitamin D status has been
provoked by reports of the re-emergence of rickets in
Europe (Hypponen & Power 2007). In the 19th and
early 20th centuries, the prevalence of rickets in children
in industrialised Europe and North America was high.
Recognition of the role of UVB light in the synthesis
of vitamin D, implementation of measures to control
atmospheric pollution, fortification of a variety of foods
including margarine and widespread use of cod liver oil
eradicated rickets as a significant health problem by the
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Table 5 Prevalence of low vitamin D status in selected European countries

Age (range <25 nmol/l <45/50 nmol/l
Country, source n or mean) (<10 ng/ml) (<20 ng/ml)
Austria (Austrian Nutrition Report 2012) 1002 7-14 F 223 40.0

7-14 M 177 38.1

18-64 F 1.6 282

18-64 M 142 297

65-80 F 19.9 424

65-80 M 204 444
France (ENNS 2006-7) 2007 18-28 75 459

30-54 52 414

55-74 1.9 417
Germany (Hintzpeter etal. 2008a) 4030 18-79 M 15.6 56.8

18-79 F 17.0 578
The Netherlands (van der A D etal. 2012) 2785 18+ M 10 (<30 nmol/l) 39

18+ F 8 (<30 nmol/l) 34
Spain (Gonzdlez-Molero etal. 201 ) 1262 20-83 339
Turkey (Hekimsoy etal. 2010) 391 45.1 74.9
Northern Europe* (Andersen etal. 2005) 420 12.6 37 92

71.8 17 67

*Northern Europe: Denmark, Finland, Ireland and Poland.
F, female; M, male.

late 1930s (Holick 2010). In the 1950s, however, exces-
sive intakes of vitamin D were suggested as a causative
factor for cases of failure to thrive and hypercalcaemia,
described among infants and young children in the UK,
although robust evidence supporting this association is
not available (SACN 2007). Consequently, enthusiasm
for fortification waned in the UK and the rest of Europe,
and vitamin D levels in cod liver oil supplements and
infant milks and cereals were reduced.

From the 1960s onwards, in the UK and other Euro-
pean countries, rickets began to re-emerge as a health
problem among toddlers and adolescents of immigrants
from South Asia and the West Indies. In response, a UK
Working Party recommended continued mandatory for-
tification of margarine, and an appropriate supplemen-
tation programme was introduced that formed a pillar
of the Department of Health (DH)’s ‘Stop Rickets Cam-
paign’, launched in 1981, which targeted British Asians
(Mughal 2012).

Over the last 15 years there have again been several
isolated reports of the re-emergence of florid rickets. A
2002 survey of paediatricians in the West Midlands
region of the UK identified 24 cases of symptomatic
vitamin D deficiency in children less than 5 years of age,

and reported an incidence of rickets of 38, 95 and 0.4
per 100 000 per annum in South Asian, Black and
White children aged 0-5 years, respectively (Callaghan
et al. 2006). Between 2002 and 2008, 160 cases of
symptomatic vitamin D deficiency were identified in a
children’s hospital in Scotland; 40% presented with
bowed legs and 19% with fits. Three cases of rickets
were recorded in children of European descent whereas
the rest were in children of South Asian, Middle Eastern
or sub-Saharan African background (Ahmed et al.
2011). In an accompanying editorial in Archives of
Disease in Childhood, the authors (Davies & Shaw
2011) commented that strategies targeting vitamin D
supplementation, in particular those directed to children
and their mothers in certain vulnerable ethnic groups,
may be inadequate.

A study looking at nutritional and hereditary rickets
in Southern Denmark (Beck-Nielsen etal. 2009)
reported that the overall incidence of nutritional rickets
in all children aged 0-15 years between 1995 and 2005
was 2.9 per 100 000, higher than the incidence in the
preceding 10 years (1.7 per 100 000). However, the
average incidence reported for immigrant children born
in Denmark, specifically, was 60 per 100 000. Following

© 2014 British Nutrition Foundation



the launch of vitamin D supplementation recommenda-
tions in 19935, the incidence in children aged 0-2.9 years
of ethnic Danish origin decreased (5.0 per 100 000,
1985-1994 to 2.0 per 100 000, 1995-2005). In con-
trast, incidence in immigrant children born in Denmark
during 1995-2005 was 100 per 100 000. The authors
concluded that supplement uptake among the immi-
grant population may be low and fortification, taking
ethnic variations of the diet into account, may be a
possible alternative approach.

In Eastern Turkey, the incidence of rickets declined
(from 6.09% in 1998 to <0.1% in 2008) after a free
nationwide supplementation programme was initiated
in 2005 (Ozkan et al. 2009). This suggests that free and
widely distributed provision may be an effective way of
preventing rickets, where rickets is prevalent and com-
pliance with general supplementation advice is poor
(Hatun et al. 2011). However, infants with low vitamin
D status still remained, suggesting the campaign was
ineffective at reaching certain families.

An increasing number of studies suggest that vitamin D
deficiency during pregnancy is associated with adverse
health outcomes in mothers, neonates and children
(Vandevijvere et al. 2012; Dawodu & Akinbi 2013).
Infants of vitamin D-deficient mothers are at high risk of
vitamin D deficiency, and will be at even higher risk if
they are fed on breast milk for a prolonged period and not
given vitamin D supplements (Shaw & Mughal 2013).
Furthermore, exclusively breastfed infants of mothers
who are vitamin D deficient are more likely to be deficient
than formula-fed infants because formula feeds are
vitamin D fortified (NICE 2007; EFSA 2012).

Migrant populations

Studies show that the vitamin D status of immigrant
populations and asylum seekers in Europe is poor com-
pared with the indigenous European populations (Van
der Meer et al. 2011). In a survey of German children
aged 1-17 years, median 25(OH)D concentration was
44 nmol/l among indigenous German children and
35 nmol/l among immigrant children (Hintzpeter et al.
2008b). Serum 25(OH)D was below 25 nmol/l in up to
80% of non-Western immigrants in The Netherlands,
with particularly high prevalence in women (Wicherts
et al.2011). For instance in 613 Dutch adults aged 18-65
years, the prevalence [95% confidence interval (CI)| of
vitamin D deficiency [serum 25(OH)D <25 nmol/l] was
higher in Turkish (41.3%; 32.5-50.1), Moroccan
(36.5%; 26.9-46.1), Surinam South Asian (51.4%;
41.9-60.9), Surinam Creole (45.3%; 34.0-56.6) and
sub-Saharan African (19.3%; 9.1-29.5) compared with
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the indigenous Dutch (5.9%; 1.3-10.5) (Van der Meer
et al. 2008). In a Danish study in immigrant children and
adults of Pakistani origin, 81% of girls, 84% of women
and 65% of men had 25(OH)D concentrations below
25 nmol/l and 46% of girls, 40% of women and 13%
men had concentrations below 10 nmol/l (Andersen
et al. 2008).

Pregnant non-Western women may also be at particu-
larly high risk of deficiency; a study in midwife practices
in The Hague showed serum 25(OH)D levels lower than
25 nmol/l in more than 80% of Turkish and Moroccan
immigrants (Van der Meer et al. 2006). A UK study
reported that serum 25(OH)D levels <25 nmol/l were
highly prevalent in South Asian women of child-bearing
age in the winter (81%) and autumn (79.2%). The
authors commented that in light of adverse effects of
vitamin D deficiency in pregnancy, the health risks were
serious (Darling ef al. 2013).

Adolescents

There have been several reports, using different cut-off
values, detailing the prevalence and risk factors for low
vitamin D status in European adolescents, with regional
and seasonal differences. As part of the OPTImal
FORification of wvitamin D (OPTIFORD) study
(Andersen et al. 2005; Tylavsky et al. 2006), 25(OH)D
levels were measured between February and March in
adolescent girls (mean age 12.5 years) from four North-
ern European countries: Denmark, Finland, Poland and
Ireland (latitudes between 51° and 60°N). The preva-
lence of vitamin D deficiency (defined as <25 nmol/l)
ranged from 26 to 51%, while over 90% of the adoles-
cents had suboptimal 25(OH)D levels (<50 nmol/l).
High winter prevalence of deficiency has also been
reported in Southern Europe. For example, 47% of
Greek adolescents were found to have serum 25(OH)D
<25 nmol/l (Lapatsanis et al. 2005).

In the Healthy Lifestyle in Europe by Nutrition in
Adolescence (HELENA) study in nine European coun-
tries (Valtuena et al. 2013), around 80% of the sample of
1006 adolescents aged 12.5-17.5 years were categorised
as having suboptimal levels, where sufficiency was clas-
sified as >75 nmol/l; 39% had levels of 50-75 nmol/I,
27% were classified as deficient (27.5-49.99 nmol/l) and
15% as severely deficient (<27.5 nmol/l). Adolescent
males seem to have both higher 25(OH)D levels and
higher vitamin D intakes than female adolescents.

Older adults

In general, older adults are at an increased risk of
vitamin D deficiency, not only due to reduced skin pro-
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duction of vitamin D with age but also because of age-
related factors that can result in limited sun exposure,
such as being more housebound (NICE 2013).

The Survey in Europe on Nutrition and the Elderly, a
Concerted Action (SENECA) study of older people
living independently reported higher mean serum
25(OH)D levels in men than in women; 36% of older
men and 47% of older women had 25(OH)D serum
concentrations below 30 nmol/l (Van der Wielen et al.
1995). The Longitudinal Ageing Study Amsterdam
(LASA), in community-living older people aged over 65,
reported a serum 25(OH)D lower than 25 nmol/l in 8%
of men and 14% of women, and lower than 50 nmol/l in
45% of men and 56% of women (Snijder et al. 2005).

The prevalence of deficiency is of particular concern
in housebound or institutionalised older people. For
example, a study in Swiss nursing homes showed 90%
of women had levels below 50 nmol/l compared with
57% in non-institutionalised women (Krieg et al. 1998).
A recent Swedish study in 11 nursing homes reported
that 80% had 25(OH)D levels below 50 nmol/l, and
vitamin D deficiency was associated with increased mor-
tality (Samefors et al. 2014).

Vitamin D status in post-menopausal women is of
interest because of the association of low vitamin D
status with increased risk of osteoporosis and fracture.
Assessment of 25(OH)D in 8532 post-menopausal
women with osteoporosis or osteopenia in several Euro-
pean countries (France, Belgium, Denmark, Italy,
Poland, Hungary, the UK, Spain and Germany) indicated
that mean 25(OH)D was 61.0 nmol/l (Bruyeére et al.
2007), with the overall prevalence of 25(OH)D inad-
equacy (<50 nmol/l) reported as 32.1%. There was,
however, a highly significant difference across European
countries (P < 0.0001). The lowest level of 25(OH)D was
found in France {51.5 [standard deviation (SD) 26.1]
nmol/l} and the highest in Spain [85.2 (SD 33.3) nmol/l].
In a study population of 700 Italian osteoporotic women
aged 60-80 years, values of 25(OH)D lower than
12.5 nmol/l were found in 27% of the women and lower
than 30 nmol/l in 76% (Isaia et al. 2003).

Vitamin D recommendations in Europe

Currently, most countries in Europe establish their own
nutrient recommendations (Doets et al. 2008), including
a recommendation that would be expected to deliver
adequate serum 25(OH)D status in most subjects
(97.5% of the population). Such recommendations are
typically based on ensuring adequate serum levels to
support skeletal health and do not consider the preven-
tion of risk of other health conditions such as cancer,

diabetes and autoimmune diseases, where the function
of vitamin D has yet to be been sufficiently demon-
strated (IOM 2011; Health Council of the Netherlands
2012). Nevertheless vitamin D recommendations vary
from country to country.

DRVs for infants and young children in the European
Union (EU) were published by the European Food
Safety Authority (EFSA) in 2013. The panel concluded
that 10 pg/day is adequate for infants and children aged
0-36 months who have minimal sun exposure (EFSA
2013) because clinical deficiencies in infants aged 0-6
months receiving vitamin D at doses of 10 ug/day have
not been observed, and an intake of 10 ug/day generally
appears to maintain serum 25(OH)D concentrations
above 50 nmol/l throughout infancy (Braegger et al.
2013). For 6-36 months, the Scientific Committee of
Food of the European Commission (EC) had previously
set an adequate intake for vitamin D of 10 pg/day. The
level of 10 ug lies within the range of more recent ref-
erence values for this age group from other scientific or
authoritative bodies (Table 6).

The majority of European countries increase the ref-
erence values for older adults to account for the reduced
capacity of the skin to produce vitamin D with ageing.
Furthermore, some European health bodies recommend
that ‘at risk’ groups with insufficient exposure to sun-
light may require a vitamin D supplement to ensure
adequate 25(OH)D concentration.

Some of the differences in reference values (see
Table 7) reflect a notable trend for vitamin D reference
intakes to be increased following publication of IOM’s
report (IOM 2011), assuming no or minimum sun expo-

Table 6 Dietary reference values for children 6-36 months

Age group Authority Reference value
6-12 months ~ WHO/FAQO, 2004 5 ug/day
IOM 2011 10 ug/day
DACH 2013
Nordic Council of Ministers 2014
Afssa 2001 20-25 pg/day

[2-36 months  WHO/FAO 2004 5 ug/day
Health Council of the Netherlands 2012 10 pg/day

DACH 2013

Nordic Council of Ministers 2014

IOM 201 | I'5 ug/day
DACH 2013 20 pg/day

Source: Adapted from EFSA 2013.

Afssa, Agence francaise de sécurité sanitaire des aliments; DACH, Germany,
Austria and Switzerland; IOM, Institute of Medicine; WHO/FAO, World
Health Organization/Food and Agriculture Organization.
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Table 7 Dietary reference values for vitamin D (ug/day) in European countries, at different life stages

Infants Young children Children Adolescents

<l year |-3 years 4-10 years I 1-18 years Adults Older AduttsT Pregnancy Lactation
European
' Austria* 10 20 20 20 20 20 20 20
“Belgium 10 10 10 10-15 10-15 I5 20 20
*France 20-25 10 5 5 5 5 10 10
'Germany* 10 20 20 20 20 20 20 20
“Ireland 7.0-85 10 0-10 0-15 0-10 10 10 10
>Spain 10 15 I5 I5 15 20 I5 15
'Switzerland* 10 20 20 20 20 20 20 20
“Turkey 10 10 10 10 10 10
"The Netherlands 10 10 10 10 10 20 10 10
ENNRT 108 10 10 10 10 20 10 10
UK 8.5 7 - - - 10 10 10
19EC 7.0-85 10 0-10 0-15 0-10 10 10 10
Other
"IoM 10 15 I5 15 15 20 I5 15
PWHO/FAO 5 5 5 10-15
NHMRC 5 5 5 5 5 10-15 5 5

*Specified without endogenous synthesis (assumption of lack of sun exposure).

TDenmark, Finland, Iceland, Norway and Sweden.

No recommendation for 4-64 years (currently under review).
No specific recommendations <6 m as exclusive breastfeeding.
TOlder adults defined at different ages in European countries.

EC, European Commission; IOM, Institute of Medicine; NHRMC, National Health and Medical Research Council (Australia); NNR, Nordic Nutrition
Recommendations; WHO/FAO, World Health Organization/Food and Agriculture Organization.

Sources: 'DACH 201 3; “Hoge Gezondheidsraad 2009; *Afssa 2001; *FSAI 1999; *Moreiras etal, 2013; *The Ministry of Health of Turkey 2006; "Health Council of
the Netherlands 2012; ®Nordic Council of Ministers 2014; °DH 1991; '°SCF 1993; "'IOM 201 I; ""WHO 2003; "NHMRC 2006.

sure, as has occurred for DACH (German Nutrition
Society 2012) and the Nordic countries (Nordic Council
of Ministers 2014). Dietary recommendations of
10-15 ug/day have been suggested as sufficient to main-
tain blood serum levels of above 25 nmol/l, but this may
not be adequate to keep the majority of the population
above the higher value of 50 nmol/l in winter without
adequate sun exposure in the summer season (Cashman
et al. 2008).

Dietary sources

Dietary sources of vitamin D are limited. Natural
sources most notably are oil-rich fish and eggs, although
small amounts provided by meat can be important in
some countries (Table 8). Further sources of dietary
vitamin D are fortified foods (most often milk and dairy
products, margarine and spreads and some breakfast
cereals). Both cholecalciferol (D;) and ergocalciferol
(D») are used in fortification and as dietary supplements.
Vitamin D, is obtained from plant sources (fungi and

© 2014 British Nutrition Foundation

Table 8 UK nutrient analysis: vitamin D content of various foods

Vitamin D
Food source (ug/100 g)
Mackerel chilled/frozen, raw, flesh only 8.0
Salmon, raw 59
Sardines chilled/frozen, raw, flesh only 4.0
Yellowfin tuna chilled/frozen, raw, flesh only 32
Cod chilled/frozen, raw, flesh only Trace
Prawns, king, raw Trace
Eggs, chicken, whole raw 3.2
Pork leg joint, raw 0.9
Lamb chop, raw 0.8

Source: FSA 2002; DH 2013.

yeast) whereas vitamin Djs is traditionally obtained from
animal sources (Japelt & Jakobsen 2013), typically
lanolin (sheep’s wool) but can now also be extracted
from lichens making it suitable for vegans (The Vegan
Society 2014).



12 A. Spiro and J. L. Buttriss

Research funded by the UK Food Standards Agency
(Ashwell et al. 2010) suggests that the typical daily
intake of vitamin D from food contributes less than
UVB sunlight exposure to average year-round 25(OH)D
levels. Holick (2004) has suggested that 90% of vitamin
D requirements come from exposure to sunlight, but a
report of the International Agency for Research on
Cancer Working Group on Vitamin D (WHO/IARC
2008) concluded that statistical models do not support
this statement, and in many populations the exogenous
sources of vitamin D found in diets and supplements are
far from negligible, especially in the winter. Thus,
although sunlight is clearly an important contributor to
adequate vitamin D status, dietary intake may be par-
ticularly significant during the winter months in areas of
high latitude and for those people with minimal sun
exposure (O’Mahony et al. 2011; Cashman & Kiely
2014). However, even with a balanced and varied diet,
recommended levels may be difficult to achieve, which is
why a case for supplementation and the fortification of
foods has been put forward by some authorities, espe-
cially in Northern Europe.

Food sources of vitamin D and comparison
between countries

Foods that make the highest contribution to dietary
intakes of vitamin D vary from country to country
according to habitual dietary patterns and fortification
policies. There is mandatory fortification in some coun-
tries and the extent and acceptance of voluntary fortifi-
cation varies from country to country. The impact of the
use of supplements on vitamin D intake will be dis-
cussed in a later section.

In non-breastfed infants and very young children, UK
dietary surveys show the major contributor to dietary
vitamin D intake is formula milk, providing an average
of 85% of intake for children aged 4-6 months, 80 and
72% for those aged 7-9 months and 10-11 months,
respectively, and 29% for children aged 12-18 months
(Lennox et al. 2013). For children aged 4-11 months,
the second largest contributor was the food group ‘com-
mercial infant foods’ (9-12%), particularly ‘cereal-
based foods and dishes’ (5-7%) that are often fortified.
For children aged 12-18 months, the second largest
contributor to vitamin D intake was the food group
‘milk and milk products’. In older children aged 1.5-3
years and 4-10 years, foods contributing to vitamin D
intake included milk and milk products (24 and 13 %,
respectively), meat and meat dishes (21 and 25%), fat
spreads (20 and 21%) and cereal and cereal products
(14 and 20%, with breakfast cereals contributing

around 8%). Fish and fish dishes, and egg and egg dishes
were reported to contribute around 8% of vitamin D in
both these age groups (Bates etal. 2014). Dietary
sources of around 700 Flemish children aged 2.5-6.5
years were surveyed between 2002 and 2003
(Huybrechts et al. 2011). Highest amounts of vitamin D
were provided by the protein food group (34.2%, with
14.6% from fish, 7.7% from meat and meat products
and 4.2% from eggs), followed by fats (25.9%) and
milk and milk products (24.9%; ‘growth’ or fortified
milks contributed 19.7%).

The Dutch National Food Consumption Survey
(DNFCS 2011), in a sample aged 7-69 years, reported
fats as being the largest contributor of vitamin D (36%),
followed by meat and meat products (20%), fish and
shellfish (8%) and cakes (7%). In France, fish is the
main dietary source, contributing 31% of dietary intake
of vitamin D in children and 38% in adults, with eggs
contributing 10 and 9%, respectively, and cheese 9 and
7%, respectively (ANSES 2013). In Spain, the main
source is also fish, which accounts for 68% of intake,
with eggs contributing 20% and cereals 4% (AESAN
2011). In UK adults, meat and meat products, fish and
fat spreads are the main dietary sources (Bates et al.
2014) (Table 9) with a greater contribution from eggs in
Asian women compared with Caucasian women shown
in the Vitamin D, Food Intake, Nutrition and Exposure
to Sunlight in Southern England (D-FINES) study
(Darling et al. 2010). For Irish adults, meat (30%), fish
(12%) and spreads (10%) also make a significant con-
tribution (Fig. 1). The importance of meat as a source of
vitamin D in the UK and Ireland is interesting. In this
context it should be highlighted that meat contains
vitamin D in relatively small amounts, but it may be an
important source as the content is mostly the metabolite
25(OH)D, which on a molar basis may be more biologi-
cally active (Uusitalo ef al. 2011). However, there is no
European consensus on the most appropriate conver-
sion factor to reflect the bioactivity of the metabolite

Table 9 Main dietary sources of vitamin D in UK adults

% contribution to dietary

intakes Women Men
Milk and milk products 5 5
Cereal and cereal products I3 12
Egg and egg dishes 14 12
Fish and fish dishes I5 18
Fat spreads 19 20
Meat and meat products 27 34

Source: Bates etal. 2014.
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Figure 1 Contribution of dietary sources to vitamin D intake in
Irish adults
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(Cashman 2012), and different potency factors (typi-
cally ranging from 1 to 5) are currently used in food
composition tables (Uusitalo ef al. 2011; DH 2013).

By contrast in the US, vitamin D-fortified milk makes
the highest contribution to vitamin D intakes (58% in
men, 39% in women), as is the case in Finland where
fortified liquid milk and dairy products also contribute
significantly (O’Mahony et al. 2011), along with fish and
dietary fats. In Sweden, general vitamin D fortification of
all low-fat milk and dairy products makes this group a
significant contributor to vitamin D intake, along with
oil-rich fish such as salmon and herring (Burgaz et al.
2007) and dietary fats. In the other Nordic countries
(Iceland and Norway) where milk is not routinely forti-
fied, oil-rich fish and fortified fats are the predominant
food sources (Lamberg-Allardt ef al. 2013).

Vitamin D intakes in European populations

Mean intakes of vitamin D in European counties vary
according to age, gender and supplementation habits
(EFSA 2012). Furthermore, accurate comparison of
vitamin D intakes in European countries is hampered by
different study methodologies, variations in dietary
assessment techniques, different age classifications and
limitations in food composition tables. Although har-
monisation in European dietary research methodology
is being worked towards, current comparisons are
dependent on existing information. Nonetheless, this
provides a useful broad perspective indicating that in
many European countries, and in all age groups, there is
a notable discrepancy between mean intakes and typical
dietary recommendations. European countries are
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employing different strategies to increase vitamin D
intakes, particularly in vulnerable groups.

Although in Scandinavian countries oil-rich fish con-
sumption is relatively high, both fortification and sup-
plementation policies have also been implemented. In
contrast, in Germany, the emphasis is on encouraging
more outdoor sun exposure. Turkey has an infant sup-
plementation programme but other Southern European
countries, such as Spain and Italy, do not have formal
fortification or supplementation public health policies.

A recent systematic review considered the effect of
socioeconomic status (SES), using education as an indi-
cator, on vitamin D intake in Western Europe
(Novakovic et al. 2014). Whereas in Irish adults there
was little difference in mean intake between low and
high SES groups, there was a much greater difference
reported in Switzerland, particularly in men. In children,
there was relatively little difference reported in the UK
(4%) but a significant difference in Spain (30%).

Vitamin D intake in adults

European intakes, excluding supplements, have been
looked at in an EPIC (European Prospective Investiga-
tion into Cancer and Nutrition) study using a single,
standardised 24-hour dietary recall and a standardised
nutrient database. In adults aged 35-74 years in 10
countries: Greece, Spain, Italy, France, Germany, The
Netherlands, the UK, Denmark, Sweden and Norway
(Freisling et al. 2010). For all countries combined, the
daily mean vitamin D intake was reported as 4.8 pg/day
for men and 3.3 pg/day for women, but there was con-
siderable variation between countries. Participants in
Sweden, for example, reported a high intake of vitamin
D, around 80% above the EPIC mean. An EFSA report
(EFSA 2012) also found considerable variability in mean
intakes in 14 European countries. Mean dietary intake of
vitamin D from food alone ranged from 1.1 ug/day
(Spain, women, 18-64 years) to 8.2 ug/day (Finland,
men, 25-74 years). For food and supplement intake
together, lowest mean intake was reported in young Irish
women 18-35 years (3.1 pg/day) and the highest in
Norwegian adults within the top quartile of #-3 polyun-
saturated fatty acids intake (23.5 pg/day).

As part of the EU-funded EURopean micronutrient
RECommendations Aligned Network of Excellence
(EURRECA) project (Roman Vifias et al. 2011), nutri-
tional survey data were collated from both the Euro-
pean Nutrition and Health Report 11 (European
Nutrition and Health, Elmadfa 2009) and the Interna-
tional Life Sciences Institute (ILSI) Europe Addition of
Nutrients to Food Task Force (Flynn ez al. 2009). An
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Table 10 Vitamin D intake (ug/day) in male and female European adults

Adults Elderly (>64 years)

Country Source of data, study year M F M F
Denmark Danish National Survey of Dietary Habits, 2000/2002 36+28 28£23 39+£3.1 3 £2.1
Finland FINDIET, 2007 7.1£57 52+42 90482 65146
Germany German National Nutrition Survey, 2005/2007 38+£36 20%13 44x4.1 34+£28
Ireland SLAN, 2007 37+£34 37+87 35+21 32+19
[taly INN-CA, 1994/1996 35+23 28+18 25+17 24+18
Norway Norkost, 1997 109+107 10.1 £9.1 [50+114 129+11.8
Portugal EpiPorto, 1999/2003 36x17 35%1.6 34%16 33%15
Spain ENCAT, 2002/2003 1.6£0.8 .7£0.6 0.7%0.1 0.7+0.1
Sweden Riksmaten, 1997/1998 6.1 127 48+19 7.1£26 6.1+£20
The Netherlands Dutch National Food Consumption Survey, 2000/200 | 46125 32%17 4.8+29 3.6x2.1

Source: Adapted from the European Nutrition and Health Report, ElImadfa 2009.

ENCAT, Evaluation of Nutritional Status in Catalonia; FINDIET, National Dietary Surveys in Finland; INN-CA, Nationwide Nutritional Survey of Food Behaviour;

SLAN, Survey of Lifestyle, Attitudes and Nutrition in Ireland.

estimated average requirement (EAR) cut-off point for
vitamin D of 10 pg/day (as defined by IOM) was used to
estimate the prevalence of nutrient intake adequacy.
Mean daily intakes of vitamin D were lowest in Spain
(<2 ug/day), between 3 and 4 pg/day in most other
countries and higher in Sweden, Finland and Norway
(Table 10). For example, in adult males, mean intakes
ranged from 1.6 ug/day (Spain) to 10.9 pg/day
(Norway), with 46 % in Norway and 100% in Portugal,
Spain and The Netherlands consuming less than 10 pg/
day. A similar picture was seen in the elderly population,
with intakes ranging from 0.7 pg/day (Spain) to 15 ug/
day (Norway); 33% in Norway and 100% in Portugal,
Spain and Italy consumed less than 10 pg/day.

The limitations of this review should be taken into
account. Data were derived from studies conducted with
different methodologies and different assay methods for
vitamin D were used, which generally have improved
over time making the more recent studies potentially
more reliable. Importantly, supplementation was only
taken into account in two reports (Norway and Ireland).
Because of the between-person variability, comparing
the mean intake of the nutrient of interest against the
EAR for that nutrient can lead to misinterpretation of
the true prevalence of inadequacy. Raw data were not
used, which would have allowed more rigorous analysis.

A more recent study (Mensink et al. 2013) reanalysed
raw data from European national surveys (Belgium,
Denmark, France, Germany, The Netherlands, Poland,
Spain and UK), which enabled both uniformity of age
group and the use of a single recommendation set. The
lower intake level (LI) of 2.5 ug/day vitamin D, as set
out in the 2004 NNR, was used to determine very low

intakes in each country. LI is defined as a cut-off value
below which an intake could lead to clinical deficiency
symptoms in most individuals, but it was termed lower
reference nutrient intake (LRNI) for consistency in the
Mensink et al. paper. The range of mean intakes and the
proportion of subjects with vitamin D intakes less than
2.5 pg/day are shown in Table 11 for diet only and diet
with supplements. In adults, there was generally a high
contribution from supplements in Denmark. Indeed,
Nordic populations are often noted as being higher
habitual supplement consumers. However, although
supplements can contribute to higher intakes of vitamin
D in individuals that take them, the population average
may still be inadequate. Additionally, although defined
age ranges were typically used, there were exceptions,
notably The Netherlands, where adult data were
reported from two distinct surveys for adults aged
19-30 years and 31-60 years, rather than adults aged
18-60 years used in other countries.

As discussed above, comparative reviews provide a
broad perspective of vitamin D intakes through Europe,
but may not allow more detailed insight into intake
patterns and the impact of supplements in individual
European nations, or reflect more recent national survey
data. For example, Spanish intakes in European reviews
have typically been reported to be among the lowest in
Europe, but more recent Spanish dietary survey data
from la Encuesta Nacional de Ingesta Dietética
(ENIDE) 2011 (AESAN 2011) shows mean intakes in
adults of 4.28 pg/day in men and 3.65 pg/day in
women. However, the proportion of the Spanish popu-
lation not reaching the EAR of 10 pg/day was still
reported as being between 80 and 90%.
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Table 11 Range of vitamin D intakes and % below the lower reference nutrient intake (LRNI) in European adults

Age (years), Range of mean intake

gender diet only (ug/day)* % below LRNI

Range of mean intake

diet plus supplements (ug/day)’ % below LRNI

1860 FF 13 (ES) to 3.5 (NEY)

18-60 M 1.7 (ES) to 60 (PO) 7 (NEY) to 87 (ES
60+ F 0.7 (ES) to 4.1(NE) 17 (NE) to 100 (ES)
60+ M 08 (ES) to 5.2 (NE) 6 (NE) to 100

27 (NE°) to 95 (ES

26 (FR) to 5.8 (DK)
2.4 (FR) 1o 5.8 (DK)
2.3 (FR) to 7.1 (DK)
2.5 (FR) to 6.8 (DK)

31 (DK) to 68 (FR)
14 (NE%) to 62 (FR)
19 (DK) to 72 (FR)
18 (DK) to 63 (FR)

Source: Mensink etal. 201 3.
No data from Belgium available.

*Data for base diet only from DE, DK, ES, FR, PO, UK and NE (aged #1930 years, °31-60 years and over 60 years).
Data for base diet and supplements from DE, DK, FR, UK and NE (*19-30 years only).

fAdult data from NE was 19-60 years but |8-60 years in other countries.

DE, Germany; DK, Denmark; ES, Spain; F, female; FR, France; LRNI, lower reference nutrient intake; M, male; NE, The Netherlands; PO, Poland; UK, United Kingdom.

Table 12 Vitamin D intake per 10 M] (not including supplements)
in Nordic Countries

Age group Vitamin D intake
Country (years) (ng/day/ 10 M))
Denmark 4-75 35
Finland 25-74 12.8
Iceland 15-80 9.8
Norway 18-70 6.2
Sweden 18-80 8.8

Source: Nordic Council of Ministers 2014.

Some of the pronounced differences in vitamin D
intakes between and within Nordic countries recently
reported from national survey data (Nordic Council of
Ministers 2014) may be explained both by dietary
(Table 12) and supplement intake patterns. In Iceland,
10% have a habitual intake of <3.1 ug/day and 10%
have a habitual intake of >21.6 ug/day, largely depend-
ing on supplement intake. Young adults aged 18-30
years not taking supplements were found to have a
mean intake of 3.9 ug/day, but those taking cod liver oil
had a markedly higher mean intake of 13.5 ug/day
(Lamberg-Allardt et al. 2013).

Results from FINDIET 2012 (Helidan et al. 2013), the
national dietary survey for Finland, also provides inter-
esting data on the impact on mean vitamin D intake of
supplement use, indicating differences in intakes are
attributable to the contribution from supplements and
not to any marked differences in dietary habits. For older
men and women who use vitamin D supplements (37 and
60%, respectively) intake from food was only 11.2 and
8.3 ug/day, respectively. However, supplement intake of
21.3 and 17.8 pg/day increased total mean intake of
vitamin D considerably; 32.5 and 26.1 pg/day compared
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with intakes of 13.7 and 9.2 ug/day for non-users of
supplements in older men and women, respectively. Simi-
larly, Danish men and women aged 18-49 years who
used supplements had a higher mean vitamin D intake of
7.8 and 7.6 ug/day, respectively, compared with 2.7 and
2.0 ug/day in non-users. Intakes from food only in sup-
plement users were 2.8 and 2.1 pg/day in men and
women, respectively, again indicating that differences in
vitamin D intakes between users and non-users of sup-
plements were attributable to the contribution from sup-
plements and not food (Tetens et al. 2011).

Data from the Irish Adult Food Consumption Survey
(IUNA) (IUNA 2011b) reported a higher impact of
supplements in older people, with contribution from
supplements increasing the overall population mean
intake from 3.1 pg/day (food sources only) to 4.3 pg/
day in those aged 18-64 years and from 3.8 (food
sources only) to 6.9 pg/day in older people (aged 65
years and over). In the UK, mean intakes from food
sources were some 33% of the UK reference nutrient
intake (RNI) (10 pg/day) in older persons aged 65 years
and over. Inclusion of intakes from dietary supplements
brought their mean intake up to 51% of the RNI, but
still remained well below the RNI (Bates et al. 2014).

Vitamin D intake in children

Mensink ez al. (2013) in their European review (see
“Vitamin D intake in adults’) also reported low mean
intakes (Table 13). Intakes are given separately for chil-
dren aged 1-3 years (except children aged 2-3 years in
The Netherlands), boys and girls aged 4-10 vyears
(exceptions being children aged 6-10 years in Germany
and separately children aged 4-6 and 7-10 years in The
Netherlands), boys and girls aged 11-17 years (except
children aged 12-17 years in Germany). In children
aged 1-3 years (data from four countries only) intakes
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Table 13 Range of intakes from diet and supplements in European children and adolescents

Number of Range of mean intake’ Number of

Range of mean intake diet countries diet plus supplements countries
Age only (ng/day)* % below LRNI included (ug/day) % below LRNI included
I-3FEM 1.5 (PO) to 2.3 (BE) 78 (BE) to 91 (PO) 4 2.3 (UK) to 42 (°NE) 26 (*NE) to 74 (UK) 2
4-10F 1.6 (ES/DE) to 2.9 (NE9) 42 (NE) to 94 (FR) 8 1.7 (DE) to 74 (DK) 20 (DK) to 92 (FR) 5
4-10M 1.9 (ES/DE/UK/FR) to 3.5 (NEY) 28 (NE°) to 89 (ES) 8 1.9 (DE) to 7.8 (DK) 20 (DK) to 85 (FR) 5
[1=17F 1.5 (ES) to 3.2 (PO) 37 (NE) to 98 (ES) 8 1.8 (FR) to 3.8 (DK) 46 (BE) to 91 (DK) 4
[=17M 1.9 (FR) to 4.8 (PO) 17 (NE) to 82 (FR) 8 1.9 (FR) to 44 (DK) 32 (BE) to 81 (DK) 4

Source: Mensink etal. 201 3.

*Data for base diet only from BE, DE, DK, ES, FR, PO, UK and NE (aged *2-3, ®4—6 and 710 years).
fData for base diet and supplements from DE, DK, FR, UK and NE (°4-6 years only).
BE, Belgium; DE, Germany; DK, Denmark; ES, Spain; F, female; FR, France; LRNI, lower reference nutrient intake; M, male; NE, The Netherlands; PO, Poland; UK, United

Kingdom.

ranged from 1.3 to 2.3 pg/day, with reported mean
intakes in over 75% of this age group below the LRNI
(the NNR 2004 LI of 2.5 pg/day). In The Netherlands,
supplement use markedly reduced the proportion
having intakes below the LRNI from 84 to 26%.
Indeed, the most commonly used dietary supplement in
2-3 year-olds was vitamin D, consumed by about 60%
of this age group. Nonetheless, a quarter of this age
group still had intakes below the LRNI (Mensink et al.
2013). In the UK, low supplement use had a consequent
low impact on average intakes in young children
(increasing it from 1.9 to 2.3 ug/day) with 74% still
having an intake less than LRNI. This review (Mensink
et al. 2013) reported comparatively higher mean intake
in 7-10 year-olds in the Netherlands, but it should be
noted that the results for 7-10 year-olds were taken
from older, pre-2003 survey data, when Dutch survey
methods changed. In the later 2007-2010 survey data
(DNFCS 2011), intake in this age range was somewhat
lower. In all other population data reported in the
Mensink ef al. (2013) review, the proportion of 4-10
year-olds with intakes below the LRNI exceeded 65%.
The 2012 EFSA report on upper intake levels of vitamin
D outlined a range of intakes in children and adolescents
and reported similar results to the data from Mensink
and colleagues.

An earlier review, the European Nutrition and Health
Report II (European Nutrition and Health, Elmadfa
2009), summarised vitamin D intake in children and
adolescents in a wider selection of countries (Table 14)
but as in adult reviews that use this type of varied survey
data with different methodologies, the ability to draw
conclusions is somewhat limited. Highest intakes of
vitamin D in children were reported in the Nordic coun-
tries, where children aged 10-14 years had intakes of

5.1-6.8 ug/day. In adolescents aged 15-18 years, mean
intakes ranged from 1.5 ug/day in Spanish girls to
7.5 ug/day in Norwegian boys, respectively. Intakes
were around 2—-4 pg/day among adolescents of all ages
in every participating country, except for Norwegian
boys and girls and Polish boys.

The European Society for Paediatric Gastroenterol-
ogy, Hepatology and Nutrition (ESPGHAN) recently
looked at studies, rather than nationally representative
surveys, in the FEuropean paediatric population
(Braegger et al. 2013). The authors commented on the
low number of studies specifically investigating vitamin
D intake in European children but concluded that, in
general, these also reflect a low intake. In Germany, the
D Ortmund Nutritional and Anthropometric Longitudi-
nally Designed Study (DONALD) (Sichert-Hellert et al.
2006) showed that approximately 80% of children aged
1-12 years did not reach a vitamin D intake of 5 pg/day,
the recommended intake at that time, and the EsKiMo
study (Mensink et al. 2007) also showed that vitamin D
intake (mean 1.9 pg/day) was lower than recommended.
Similar data were reported in Flemish pre-schoolers;
mean intakes of vitamin D from food only were 2.0 pg/
day in children aged 2.5-6.5 years. Intakes of vitamin D
decreased with age and only 4% of 2-3 year-olds and
1% of children aged 46 years had intakes of vitamin D
that met the EAR of 10 pg/day from food (Huybrechts
etal. 2011).

As with adult data, looking more closely at national
data reveals a more detailed picture. For example,
reviews of vitamin D intake do not often consider very
young children. In the UK, average vitamin D intake in
non-breastfed children under 1 year met the RNI
(Fig. 2), whereas mean intakes of vitamin D in those
aged 12-18 months were below the RNI (55% of the
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Table 14 Vitamin D intakes in European children aged 4—18 years
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4-6 years 7-9 years |0—14 years |5—-18 years

M F M F M F M F
Austria 15£08 15£1.0 15£14 12£08 20+ 1.8f 17416
Czech Republic 23%30 23+30 27%127 27%127
Denmark 23%17 34+09 25+ 14 22%11 26% 1.6 22+17 26%1.0 2117
Germany 18+1.9 15+1.4 1.8+20 | 7+1.8 23% 5% 2.1 £1.8*% 28%19 20%13
Ireland 24+27 [.9+2.1 22420 24+24 22420 24+23 30426 23+22
Italy 23%13 22+12 28%13 2.1£08 30£18 29422 33%19 3.0+£20
Norway 6.8+53 7.1%£53 64%56 5.1+42 44+6.6 4049 75%63 71166
Portugal 4.8%25 45%25
Poland 2017 [9+15 28%28 23%15 39%45 29424 55+22 30+£3.1
Spain 1.8+0.8 .6+05 1.8+0.5 1.5+0.5
Sweden 6.7+t44 65146 51+28 48+2.8 48+2.8 44+2.6
The Netherlands 22+08 1.9+£0.6 29+1.6 28+13 3819 32+14 44+£22 33+1.8
United Kingdom 21%13 1911 3.0+ 1.9 0x12

Source: Adapted from the European Nutrition and Health Report, Elmadfa 2009.

*|3-14 years; >13 years; ¥13—17 years; 1 6-24 years.
F, female; M, male.

Figure 2 Average daily intake of vitamin D from food sources (not
including supplements) for non-breastfed children aged 4—18 months in

United Kingdom
10

8
6
4
2
0
4-6 7-9 10-11 12-18

Age (months)

12

Vitamin D pg/day

Source: Lennox etal. 2013.

RNI). For UK breastfed infants aged under 18 months,
mean intakes of vitamin D were 37-54% of the RNI
across the age groups, although vitamin D intake is
likely to be underestimated as contribution from breast
milk was not taken into account. A recent study assessed
vitamin D intake and status in a healthy group of infants
aged 12 months (7 = 76) in Iceland, in relation to their
regular sources of dietary vitamin D (Thorisdottir ez al.
2014). The mean vitamin D intake was reported as
8.8 + 5.2 pug/day. Infants who regularly received both
fortified products and supplements had a higher vitamin
D intake (14.3 £ 3.0 ug/day) than infants who regularly
received supplements as a main source (8.8 £2.7 ug/
day), who in turn had a higher intake than infants who
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regularly consumed fortified products as a main source.
Infants who never, or irregularly, received fortified prod-
ucts or supplements had lower mean vitamin D intakes
than the other groups (2.5 + 1.9 pg/day, P < 0.001) and
lower serum 25(OH)D (P < 0.001).
Verkaik-Kloosterman et al. (2011) modelled data
from the Dutch Food Consumption Survey to estimate
habitual vitamin D intake from food and supplements
among young children aged 2-6 years. The median
habitual total intake was higher in dietary supplement
users compared with non-users; among children aged
2-3 years, it was 5.5 vs. 1.7 pg/day and among children
aged 4-6 years it was 3.3 vs. 2.0 pg/day. Total vitamin D
intakes were below the EAR of 10 pg/day in the major-
ity of the population aged 2—6 years, with the exception
of around 5% of supplement users. In the UK, mean
intakes from food sources alone in children aged 1.5-3
years were 27% of the RNI; inclusion of dietary sup-
plements brought the mean intake up to 32% of the
RNI. In boys aged 4-18 years, mean daily vitamin D
intake from food sources was 2.2 pg/day. When supple-
ments were included, intakes increased to 2.7 ug/day.
Intakes in girls aged 4-18 years increased from 1.9 pg/
day from food only to 2.3 pg/day from all sources
including supplements (Bates et al. 2014). In Ireland, the
National Children’s Food Survey and the National
Teens’ Food Survey reported median vitamin D intakes
of 1.9-2.4 ug/day in those aged 5-17 years (Black et al.
2014). The prevalence of vitamin D supplement use was
15-21%, with intakes in supplement users ranging from
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6.0-6.7 ng/day; across the age groups 88-96% still had
mean intakes below the EAR of 10 pg/day. Foods forti-
fied with vitamin D in Ireland, mainly breakfast cereals,
fat spreads and milk, were consumed by 63-71%. Non-
supplement users who consumed vitamin D-fortified
foods had median intakes of 1.9-2.5 ug/day, compared
with 1.2-1.4 ug/day in those who did not consume for-
tified foods.

The available evidence shows low vitamin D intakes
among European children and adolescents compared
with recommendations, as well as a high prevalence of
low serum vitamin D concentrations, but with a very low
prevalence of overt clinical symptoms. Studies suggest
that intake and vitamin D status can be improved by
consumption of fortified foods and supplements (either
vitamin D supplements, vitamin D-fortified cow’s milk,
vitamin D-fortified formula or vitamin D-fortified cereal-
based foods) (EFSA 2013). Measures such as encourag-
ing judicious sun exposure and promotion of dietary
recommendations covering foods naturally rich in
vitamin D are also important (Braegger et al. 2013).

Supplements and fortification — policy
and practice

There is recognition that current dietary intakes may not
be sufficient to maintain an adequate vitamin D status
all year round, even when the lower threshold of
25 nmol/l is used. In light of this, coupled with the
increases in many countries of the thresholds used to
assess status, the challenge for national, European and
international government and health bodies is to deter-
mine the most effective policies across all sectors of the
population to achieve an appropriate vitamin D status.

There are striking differences across Europe in the use
of dietary supplements, including all vitamin, mineral
and oil-based supplements (such as cod liver oil and
evening primrose oil) (Table 15). A clear north-south
gradient has been reported (Skeie ef al. 2009), with
higher consumption typically in northern European
countries and higher use in women than in men. In this
survey, crude mean supplement intakes were lowest in
Greece (2% in men, 6.7% in women) and highest in
Denmark (51.0% in men, 65.8% in women).

Calvo et al. (2005) examined the relative contribu-
tions of diet, fortification and supplementation to
vitamin D intake globally, concluding that dietary sup-
plement use may contribute 6-47% of the average
vitamin D intake, but current dietary patterns and sup-
plementation practices do not ensure adequate vitamin
D status in all population groups in most countries.
Some European countries have adopted supplementa-

Table |5 Age-adjusted means of usage of all dietary supplements
in European countries

% men % women
Greece 0.5 6.7
Spain 6.6 134
[taly 7.8 124
France n/a 311
Germany 220 269
The Netherlands 19.7 325
United Kingdom 34.6 469
Denmark 48.8 64.3
Sweden 283 40.8
Norway n/a 61.7

Source: Skeie etal. 2009.
n/a, not applicable.

tion and fortification polices for vitamin D but this is
not harmonised across the EU (Table 16).

Supplementation

New Nordic recommendations (Nordic Council of
Ministers 2014) state that from 1-2 weeks of age infants
should receive 10 pg/day vitamin D as a supplement.
The general recommended intake for those with
minimum sun exposure is 20 pg/day, which can be
achieved by taking a daily supplement of 10 ug of
vitamin Dj; in addition to dietary intake, or choosing
foods rich in vitamin D. For older people, the recom-
mended intake can be achieved by selecting foods natu-
rally high in vitamin D and vitamin D-enriched foods, in
combination with a supplement if necessary. In Sweden,
a daily supplementation of 10 ug of vitamin D is rec-
ommended for all children aged 0-2 years. This is fully
subsidised by the government and provided via child
welfare centres. Daily vitamin D supplements are also
recommended for children until the age of 5, and adults
with dark skin or who have little sun exposure or do not
eat fortified foods and fish. Similarly, supplementation is
also recommended for pregnant women, for those who
wear fully concealing clothing and for housebound or
institutionalised people. The guideline for Germany,
Austria and Switzerland (German Nutrition Society
2012) is administration of vitamin D supplements to
infants from the first week of life to the end of their first
year, which should be continued in the second year
during the winter months. The ESPGHAN Committee
on Nutrition (Braegger et al. 2013) also recommends a
daily supplement of 10 ug/day vitamin D for all infants
during the first year of life, and indicates that this
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Table 16 Supplement and fortification policies in selected European countries

Target serum

Country Groups recommended to take vitamin D supplements 25(OH)D National vitamin D fortification policy
DACH 2012 * 10ug/day for infants from their first week to end of >50 nmol/l No mandatory fortification
Austria first year, and in winter months of their second year;
Germany * |0pg/day for people with insufficient exposure to
Switzerland sunlight or dark skin.
NNR 2012 * 10 ug Ds/day for infants from | to 2 weeks of age to >50 nmol/l In Finland, milk and non-dairy alternatives such as soy
Denmark 2 years; and rice/oat drinks are fortified at | ng/100 g fluid
Finland * 10 ug Ds/day for people with little or no sun milk and 20 ug/100 g fat spreads.
Iceland exposure, in addition to the dietary intake or by In Sweden and Iceland low-fat milks are fortified
Norway choosing foods rich in vitamin D.
Sweden
The Netherlands * |0 ug/day for all infants and children aged 0—4 years, >30 nmol/l No mandatory fortification
2012 women aged 50-70 years and pregnant women; >50 nmol/l
* |0pg/day for females aged 4-50 years and males
aged 4-70 years with insufficient exposure to sunlight
or dark skin;
* 10 ug/day for all aged 70 years and over.
United Kingdom * |0 ug/day for all pregnant and breastfeeding women, >25 nmol/l Mandatory fortification of margarine, (not less than

SACN 2007
(currently under
review)

people aged 65 years and over, and people not
exposed to much sun;

Babies and young children aged 6 months to 5 years,
receiving less than 500 ml of infant formula should

take vitamin D drops (7.5 ug Ds).

7.05 pg and not more than 8.82 ug of vitamin D)
infant formula and foods intended for use in
energy-restricted diets

25(0OH)D, 25-hydroxyvitamin D; NNR, Nordic Nutrition Recommendations; DACH, Germany, Austria and Switzerland.

measure will enable most infants aged 0-12 months to
maintain a 25(OH)D concentration of 50 nmol/l.

Nevertheless, there is some evidence in Europe that
many infants may not receive the recommended supple-
mentation. Uptake of free vitamin supplements under
the Healthy Start scheme for low-income families in the
UK (for pregnant mothers and children under 4 years)
has been low, possibly due to distribution and access
problems, low awareness and poor promotion of the
scheme by health professionals (Jessiman ef al. 2013). It
is important that paediatricians and other healthcare
professionals ensure that these preventive strategies are
put into practice and that young children in the UK, or
other European countries with supplementation recom-
mendations, receive daily vitamin D supplements appro-
priate for their age. Universal provision has been
identified as a potential solution worthy of further
research.

Mandatory and voluntary fortification

Supplements are an effective method for individuals to
increase their intake, but clearly only if they are taken.

© 2014 British Nutrition Foundation

Food fortification represents an opportunity to increase
the vitamin D supply on a population-wide basis. Well-
designed sustainable fortification strategies, which use a
range of foods to accommodate different dietary pat-
terns, have the potential to increase vitamin D intakes
across population subgroups and minimise the preva-
lence of low 25(OH)D concentrations. This may be
particularly important in countries where uptake of sup-
plements is low.

Vitamin D, as cholecalciferol (Ds) and ergocalciferol
(D,), is legally permitted to be added to foods listed in
Annex I of Regulation (EC) No 1925/2006 [as amended
by Commission Regulation (EC) No. 1170/2009], with
no addition being permitted to unprocessed foods or
alcoholic beverages. For a nutrient and/or health claim
to be made to consumers, vitamin D concentration in
the food product has to be at least 15% (or at least
7.5% for drinks) of the specified EU nutrient reference
value (per 100 g) for vitamin D of 5 pug (EC 2011).

A meta-analysis of 16 randomised controlled trials
(RCTs) worldwide, evaluating the efficacy of fortifica-
tion, found that vitamin D-fortified foods (Black et al.
2012) increased circulating 25(OH)D concentrations in
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a dose-dependent manner. Using a random effects analy-
sis model, mean individual intake of around 11 pg/day
vitamin D (range 3-25 pg/day) from fortified foods
increased serum 25(OH)D by 19.4 nmol/l (95% CI:
13.9, 24.9), corresponding to a 1.2 nmol/l (95% CI:
0.72, 1.68) increase for each 1 ug ingested. However,
heterogeneity was high, with baseline 25(OH)D ranging
from 24.0 to 83.6 nmol/l. The authors identified a need
for stronger data on the efficacy of vitamin D-fortified
foods on deficiency prevention and potential health out-
comes, including adverse effects.

Food fortification policy varies throughout Europe.
Mandatory vitamin D fortification of margarine was
introduced in some countries in Europe as a way of
preventing vitamin D deficiency in children and today
many breakfast cereals are also fortified with vitamin D.
Finland and Sweden began to fortify their milk with
vitamin D in the 1990s but overall, fortification of milk
is not widely practiced in Europe.

Some studies have shown a positive impact of ready-
to-eat breakfast cereals (RTEC) in relation to vitamin D
intake. In Irish adults (NSIFCS survey 1997-1999),
RTEC contributed 10% to mean daily intake of vitamin
D (Galvin et al. 2003) and higher consumption of break-
fast cereals was found to be positively associated with
greater vitamin D intakes in UK children aged 4-18 years
in the 1997 NDNS (Gibson 2003). In more recent UK
NDNS data, fortified breakfast cereals contributed some
8-9% of average daily vitamin D intake in children aged
4-18 vyears. In Spain, the enKid study (1998-2000)
reported that intakes of vitamin D increased significantly
in young people aged 2-24 years with increased con-
sumption of RTEC (van den Boom et al. 2006).

Since 2007 in Sweden, there has been mandatory
vitamin D fortification in the range of 3.8-5.0 ug/l of all
milk (including organic) with a maximum 1.5% fat
content, and fortified milk is one of the main vitamin D
sources within the Swedish population. Margarines and
fat spreads are required to have a vitamin D level of
7.5-10 ug/100 g. In Finland, fortification of butter/
spreads and milk products has been widespread since
2003. In comparison with the previous dietary survey in
2002, FINDIET 2007 reported higher average intakes
of 7.1 and 5.2 ug/day among men and women, suggest-
ing that the fortification policy implemented in 2003
produced a slight increase in mean vitamin D intakes.
However, vitamin D intake remained below recommen-
dations among women in all age groups and among
working age men. The increase in vitamin D fortifica-
tion of milk products and dietary fats in 2010, as well as
revised recommendations on vitamin D supplementa-
tion in 2011, were put in place to improve vitamin D

intake. According to the latest survey, FINDIET 2012
(Helidan et al. 2013), on average Finnish adults met the
vitamin D recommendations, except in older women.
Fortification seems to have been an effective way to
increase the average vitamin D intake in the Finnish
population, but this may not be appropriate for all
countries.

The German Federal Institute for Risk Assessment
does not recommend vitamin D enrichment of foods
for the general population. Consumption of vitamin
D-fortified foods is only recommended if inadequate
intake has been diagnosed and if a targeted improvement
cannot be achieved either by diet or the body’s synthesis
through sunlight exposure. The Health Council of the
Netherlands (Weggemans et al. 2009) recommends for-
tification of margarines with a maximum vitamin D of
0.075 ug/g, with virtually all such products currently
being fortified to at least 75% of this level. It also
recommended that the type of foodstuffs to which
vitamin D can be added should be restricted to milk, milk
substitutes (10 pg/l) and oil (4.5 ug/100 kcal), rather
than allowing it to be added to other products in an
unrestricted manner. For baby foods, infant formula, diet
foods for medical purposes or food for energy-restricted
diets, there is additional legislation in which the
minimum and maximum vitamin D levels are set, gener-
ally based on EU legislation.

Other suggested vehicles for fortification have
included bread, juice and more unusual methods such as
UV-treated mushrooms and yeast. The OPTIFORD
study concluded that bread was a safe and feasible
vehicle for fortification (Natri ef al. 2006). A recent
German modelling study (Brown et al. 2013) suggested
that to raise 25(OH)D serum concentration to
75 nmol/l, 100 g of bread would have to be fortified
with 11.3 ug during winter, resulting in a daily vitamin
D intake of 23.7 ug. EFSA has recently issued a positive
opinion on the safety of UV-treated vitamin D-rich
baking yeast for use in bread and other yeast-leavened
bakery products at maximum concentrations of 5 lg of
vitamin D,/100 g of these foods.

The problem of fortifying a single staple, e.g. milk, or
focusing on a commodity sector such as dairy, is that it
does not increase the vitamin D supply in non-
consumers and may be problematic in countries where
lactose intolerance is prevalent. Additionally, it has been
suggested that several fortified carriers with low concen-
tration are a better option for fortification polices as if
only limited foods are fortified with high vitamin D
concentrations, the toxicity risk may be higher for those
who consume large quantities of these foods (Brown
et al. 2013).
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Vitamin D, or vitamin D;

There is some controversy regarding the comparative
effectiveness of vitamin D, (ergocalciferol) and D;
(cholecalciferol) in raising and maintaining serum
25(OH)D levels.

There are a number of small molecular structural
differences that may be significant, yet Holick et al.
(2008) reported vitamin D, to be as effective as vitamin
D; in maintaining circulating concentrations of
25(OH)D. In a small RCT, a daily 25 ug dose of vitamin
D, was found to be as effective as 25 pg vitamin D; in
maintaining blood 25(OH)D after 11 weeks. However,
in a recent systematic review (Tripkovic ez al. 2012), 8
out of 10 RCTs identified, plus a meta-analysis of these
studies found vitamin Dj; to be significantly more effec-
tive at raising serum 25(OH)D concentrations com-
pared with vitamin D, (P =0.001), and thus vitamin
D; could potentially become the preferred choice for
supplementation. When the frequency of dose adminis-
tration was compared in a further analysis, there was a
significant response for administration of vitamin
D; compared with vitamin D, when given as a large
bolus dose (single or multiple, weekly or monthly,
P =0.0002), although the difference in increase was
non-significant with daily supplementation. Moreover, a
new study undertaken by the University of Surrey (S.
Lanham-New, personal communication) confirmed that
although both vitamin D, and D; can raise serum
25(OH)D levels to within a healthy range during the
wintertime (the most vulnerable season for vitamin D
deficiency), vitamin Dj is the most effective form. This
study also provides evidence that use of diverse food
matrices — such as juice and biscuits — does not have a
detrimental impact upon the bioavailability of either
vitamin D, or Ds. Further analysis is now required to
quantify the impact of ethnicity, and to understand the
potential mechanisms that cause the divergence in effi-
cacy between the two forms of the vitamin in raising
serum 25(OH)D levels.

Vitamin D toxicity

Excessive intake of vitamin D is associated with an
increase in circulating 25(OH)D, which may lead to
increased intestinal absorption and bone resorption of
calcium, in turn leading to hypercalcaemia and can in
certain cases lead to renal failure and cardiac arrest.
Signs of vitamin D intoxication include anorexia, vom-
iting, headache, risk of calcification of soft tissues and
presence of urinary calcium stones (NIH 2011).
Tolerable upper intake levels (UL) have recently been
set both by the EU Scientific Committee on Food/EFSA
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(SCF 2006) and by IOM to ensure that total intakes do
not pose risks for public health, or more precisely as the
maximum level of chronic daily intake of vitamin D
intake unlikely to pose a risk to adverse health effects
for almost all individuals in the general population (see
Table 17). The EU established a UL of 25 pg/day for
infants and children aged 10 years or younger and
50 ug/day from 11 years and older. The adult UL for
vitamin D is derived from the risk of hypercalciuria/
hypercalcaemia, which has been demonstrated to
increase in some parts of the population with a dietary
intake above 100 pg/day. Using an uncertainty factor of
2, the UL for adults is set at 50 ug/day. For the age
group 2-17 years, there is little data on high level intake
to support the derivation of a UL. However, studies
suggest that susceptibility to excess vitamin D changes
with age. Infants may be especially sensitive to hyper-
calcaemia resulting from vitamin D toxicity. It has been
suggested that doses of more than 250 ug/day, which
raise 25(OH)D levels to more than 150 ng/ml, are asso-
ciated with hypercalcaemia and hyperphosphatamia
(high phosphate level in the blood) (Holick 2007).

The 2012 NNR also estimate an upper limit of
100 pg/day in adults. The UK Expert Group on Vita-
mins and Minerals proposed that a level of 25 ug/day of
supplementary vitamin D would not be expected to lead
to adverse effects when consumed frequently over a long
period of time (Expert Group on Vitamins and Minerals
2003).

Risk of toxicity

Excessive sunlight exposure does not cause vitamin D;
toxicity (IOM 2011). Nevertheless, extensive exposure
of bare skin to sunlight is to be avoided as it increases
the risk of skin cancer.

Table 17 Upper tolerable limits of vitamin D in Europe (SCF)
and upper intake levels in the US

EFSA
Tolerable upper intake
level ug/day (IU/day)

IOM
Tolerable upper intake
level ug/day (IU/day)

0-12 months 25 (1000) 0-6 months 25 (1000)
[—10 years 50 (2000) 7—12 months 37.5(1500)
I'l years to adult 100 (4000) |-3 years 62.5 (2500)
4-8 years 75 (3000)
9 years to adult 100 (4000)

Source: IOM 201 1.

EFSA, European Food Safety Authority; IOM, Institute of Medicine; SCF,

Scientific Committee of Food.
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However, exposure to high doses of vitamin D via
supplements has been shown to have toxic effects (Vieth
2006), although vitamin D toxicity is thought to be
rare.

One of the ways to investigate the risk posed by
fortification is to look at the intake of the highest con-
sumers compared with the UL set. Flynn et al. collected
and evaluated data on intakes of vitamin D in conven-
tional foods, food supplements and fortified foods in
adults and children in Denmark, Germany, Finland,
Ireland, Italy, The Netherlands, Poland, Spain and the
UK. Intake of high consumers, defined as the 95th per-
centile (P95), was compared with the UL (Flynn et al.
2009).

In adults, the P95 of total intake of vitamin D (includ-
ing supplements and voluntary fortification) is well
below the UL, even in countries where there is a wide
use of supplements (Denmark and Finland) and where
there is semi-mandatory fortification of milk with
vitamin D (Finland). The P95 intake of vitamin D from
voluntarily fortified foods is low and inclusion of intake
from voluntarily fortified foods with that from the base
diet and also supplements had little effect on P95 intakes
in both men and women.

For children and adolescents, the P95 of vitamin D
intake from the base diet ranged from 2.3 to 5.9 and 3.0
to 9.7 ug/day in the age groups 4-10 and 11-17 years,
respectively. From the limited data available, intake
from supplements and fortified foods are low (except for
supplements in Denmark) and inclusion of these sources
with the base diet has only a minimal effect on P95
intake. In children, the P95 of total intake of vitamin D
(including supplements and voluntary fortification) is
well below the UL, even in countries where there is a
wide use of supplements.

Recent dietary data from Finland, FINDIET 2012
(Helidan et al. 2013) allow an up-to-date insight into
the impact of supplementation in countries where for-
tification of foods is common. The data show that
mean vitamin D intakes (including fortified sources)
were in adult men and women, respectively, 11.2 and
8.6 ug/day for non-supplement users and 29.5 and
24.7 ug/day for supplement users. In addition, vitamin
D intake in supplement users at P75 (the figure used in
this survey to look at high consumers in the distribu-
tion) ranged from 12.4 to 16.4 ug/day from food
sources only, but 29.2-58.8 ug/day from food and sup-
plements. The use of vitamin D supplementation raised
total mean vitamin D intake considerably compared
with recommendations, both among men and women
in all age groups. The Finnish data would suggest that
the combined intake from dietary sources including for-

tified foods is unlikely to result in excess intakes. This
may not be the case for high supplement users but
there are currently no studies that have investigated the
impact of chronic high supplement intake. In the
UK, DH (NHS Choices 2013) reports that vitamin D
toxicity is uncommon and usually only affects people
who have been taking vitamin D supplements well
above the recommended dosage for several months.
However, some medical conditions can increase sensi-
tivity to the effects of vitamin D, such as liver or kidney
disease.

Conclusion

Various national and European strategies have been sug-
gested to facilitate the achievement of adequate vitamin
D status in European populations which include:

e following a healthy lifestyle associated with a normal
BMI, including a varied diet with vitamin D-containing
foods (such as oil-rich fish and eggs) and adequate
outdoor activities with associated sun exposure;

e adopting policies aimed at improving vitamin D
status using measures such as promotion of dietary rec-
ommendations, food fortification, vitamin D supple-
mentation and judicious sun exposure, taking into
account individual national policy and dietary habits;
e oral supplementation of vitamin D of high-risk
groups, although it is important that supplementation
use is monitored and effective methods of ensuring
uptake in these groups are found and implemented.

Variations in regional latitudes, sunlight exposure,
ethnicity, culture, dietary and dress habits, access to
health care, food fortification policies and adherence
to public health advice on sun protection are likely to
influence the outcomes of any strategies implemented
to improve vitamin D status in Europe. It is important
to recognise that such national variations may mean
that a ‘one-size-fits-all’ policy to improve vitamin D
status may not be appropriate or effective throughout
Europe.

Improvement in use of standardised methods in meas-
urements relating to vitamin D status and intake will
allow the development of a more robust evidence base
to underlie policy. There is also a paucity of good-
quality evaluations of the impact of programmes
intended to increase vitamin D status in the population.
RCTs, rather than observational studies, to adequately
evaluate vitamin D programme interventions may be
necessary. For example, observational supplementation
studies may not be able to identify any spontaneous
recovery from low vitamin D status in summer months.
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Further research will be needed to explore some of the
conclusions of this review and address key questions
relating to vitamin D in order to provide stronger evi-
dence on which to base action to prevent vitamin D
deficiency in Europe. One such initiative, the EU-funded
Food-based solutions for optimal vitamin D nutrition
and bealth through the life cycle (ODIN) project is
establishing an internationally standardised analytical
platform for 25(OH)D in order to more accurately
measure the distribution of circulating 25(OH)D and
describe the prevalence of vitamin D deficiency among
Europeans. ODIN will also delineate the relative con-
tributions of sun and dietary sources of vitamin D to
circulating 25(OH)D using biobanks and data from
national nutrition surveys. In support of planned EFSA
revisions to vitamin D recommendations, ODIN will
carry out RCTs in pregnant women, children and teen-
agers and ethnic immigrant groups to provide experi-
mental data clarifying vitamin D intake requirements. In
addition, dietary modelling and innovative food-based
solutions, such as bio-fortification, that have the poten-
tial to increase vitamin D in the food supply will be
explored.

In the meantime, a detailed review of vitamin D is
taking place under the auspices of the UK government
by the independent Scientific Advisory Committee on
Nutrition, whose remit is to review the DRVs for
vitamin D intake and make recommendations. This is
likely to include an up-to-date risk assessment of the
vitamin D status of the UK population and include
consideration of biochemical indicators of vitamin D
status; the association between vitamin D status and
various health outcomes; the risks of skin damage and
other adverse effects associated with sunlight exposure;
potential adverse effects of high vitamin D intakes; and
the relative contributions of diet and cutaneous vitamin
D synthesis to vitamin D status in the UK.
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