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Abstract

In Norway, rickets was eradicated during the 20th century, but have later re-
emerged in certain subgroups of the population. Our objective is to give an
overview of vitamin D status in Norway, as a basis for evaluating whether
measures for increasing vitamin D status should be taken. We performed a
systematic literature review in order to collect all data published during the
previous 30 years on vitamin D status in healthy groups of the Norwegian
population.

Existing data suggest that vitamin D status is sufficient in the general
population, and it seems to be better than in populations further south in Europe.
However, a relatively large proportion of the population has insufficient levels,
and there is a drop in vitamin D status in late winter, also in southern Norway.
Elderly, in particular nursing home residents, may have poor vitamin D status,
depending on practice of supplementation. Some non-western immigrant groups,
Pakistanis in particular, are at high risk of vitamin D deficiency. Levels that
could imply risk of vitamin D toxicity were not found in any group.

We conclude that there is a need for measures to ensure vitamin D status in the
population in Norway.
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Introduction

Vitamin D is important for normal bone health (2). Vitamin D deficiency is a
well-known cause of rickets in children and osteomalacia in adults, and it is also
of importance for development of osteoporosis. Beyond this, vitamin D
deficiency is suggested as a contributing factor in the development of several
other diseases and conditions such as diabetes, some cancer types and
immunologic diseases (2-4).

Early in the 20" century, vitamin D deficiency was a public health problem in
Norway as well as in other northern countries. Addition of vitamin D to foods
such as milk and margarine in the 1930s was probably the most important
measure to eradicate rickets as a severe health problem in North-America and
Europe. In Norway, vitamin D was added to margarine in 1950 and to butter in
1990. Mother and child health centers have also been working purposefully in
order to increase the vitamin D supply to Norwegian infants. There are few
natural sources of vitamin D. When the production in skin by ultraviolet
radiation is insufficient, such as during wintertime at northern latitudes, diet and
supplements become the most important sources. The only sources of
importance in a typical Norwegian diet as of today are fatty fish, vitamin D-
enriched butter and margarine, a few types of vitamin D enriched milk, as well
as cod liver oil and multivitamin supplements.

The aim of this paper is to summarize published literature on vitamin D status in
Norway, as a basis for evaluating whether there is a need for measures in order
to increase vitamin D status in the population.

Materials and methods

Our intention has been to go through all published data from the previous 30
years where vitamin D status in the form of serum or plasma concentration of
25-hydroxyvitamin D has been determined in groups of the healthy population
in Norway. We performed a systematic Medline search including the following
criteria: Norway AND (”Vitamin D” OR “vitamin D status” OR “vitamin D
deficiency” OR *“25-hydroxyvitamin D). Of the 82 hits we retrieved, we
excluded papers that were reviews, those that were not based on data from
Norway, studies where 25-hydroxyvitamin D had not been measured, and/or
where the sample was representative of certain disease conditions rather than
groups of the general population. In addition, we have searched through the
archives of the Journal of the Norwegian Medical Association (5), and we have
gone through references in the publications we have retrieved. Furthermore, we
have gone through previously published reports from the Directorate for Health
and Social Affairs, and we have searched through the electronic archive of
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student assignments, master theses and doctoral theses at the universities in
Norway. In our evaluation we defined levels of 25-hydroxyvitamin D <25
nmol/l as vitamin D deficiency, and levels <50 nmol/l as insufficient levels (2).
It should, however, be kept in mind that interlaboratory variation could be a
limitation when comparing data from different laboratories.

Results

We have retrieved results from 16 scientific papers as well as three doctoral
theses, two cand. scient. theses and one report where 25-hydroxyvitamin D
(25(0OH)D) status had been measured in groups of the healthy population in
Norway. The studies have been summarized in Table 1.

Infants and toddlers

A study performed during the early 1980s showed that 6 weeks old breastfed
infants who did not receive vitamin D supplementation had very low vitamin D
status measured in March. However, those who received infant formula had
good vitamin D status. The sample size was small (6).

One year old children in Oslo studied in April-June 2000 had on average good
vitamin D status (7). Among breastfed one-year-olds, 34% had levels <50
nmol/l, and among those not receiving breast milk, 20% had levels <50 nmol/I.
Two year old children in the same study had similar levels when measured in
March-June 2001 (8). Among those receiving vitamin D supplements (n=109),
mean 25(OH)D was 70 nmol/l and 14% had levels <50 nmol/l. Among those not
receiving vitamin D supplements (n=61) mean 25(OH)D was 60 nmol/l and
38% had levels <50 nmol/l.

Children and adolescents

A study from Bergen (60°N) published in 1982 showed on average good
vitamin D status in 191 healthy children and adolescents aged 8-18 years (mean
80 nmol/l) (9). Vitamin D status in children and adolescents was dependent both
on use of vitamin D supplements and of season (10). The poorest vitamin D
status was observed in samples from 17 year old boys in Bergen analyzed in
January (n=20). In contrast, 11 year old girls in Bergen analyzed in September
had a very good vitamin D status on average, and none had vitamin D deficiency
(n=19). Ten-year-olds in Hammerfest (70°N) did not have poorer vitamin D
status compared with children in Bergen (10).

Adult ethnic Norwegians

Among 869 ethnic Norwegian men and women aged 45-75 years who
participated in the population based Oslo Health Study 2000-2001, the majority
had sufficient vitamin D status, and there was no gender difference in vitamin D
status (11).
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Three hundred women aged 44-59 years living in Northern Norway (65-71°N)
who had their vitamin D status measured in a population based study had on
average sufficient 25(OH)D levels (12). However, a relatively large proportion
had levels <50 nmol/l (Figure 1). There was a strong association between dietary
vitamin D intake and 25(OH)D levels when those reporting use of tanning beds
or sun holidays were excluded.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100 %

Breastfed 1-year-olds, Oslo (7)

Boys 15 years, Bergen (10)

Girls 15 years, Bergen (10) |

Men and w omen 45-75 years, Oslo (11)

Women 44-59 years, Northern Norw ay (12) |

Men and w omen 76-87 years, Oslo (38)

Men in nursing homes, unsupplemented, w inter (37)

Women in nursing homes, unsupplemented, w inter (37)

Men and w omen born in Vietnam, 20-60 years, Oslo (16)

Men and w omen born in Pakistan 30-75 years, Oslo (11)

Figure 1. Prevalence of vitamin D insufficiency (defined as serum 25-hydroxyvitamin
D <50 nmol/l) in groups of the Norwegian population

Non-western immigrants

In a study among Pakistani and Norwegian women delivering at Ulleval
University Hospital during spring 1990 and 1991, all except one of the Pakistani
women had vitamin D deficiency defined as serum 25(OH)D <30 nmol/l (97%),
whereas among the Norwegian women, 8 out of 23 (35%) had vitamin D
deficiency (13).

In another study from Oslo, pregnant Pakistani women also had much lower
vitamin D status compared with Norwegian women (14). Margarine was the
largest source of vitamin D, and it contributed to almost % of estimated intake of
vitamin D in the Pakistani women.

Also among premenopausal women, vitamin D status was lower in Pakistanis
than among Norwegians (15).

Vitamin D status was very low both among women and men with Pakistani
background who met to the Oslo Health Study, and the prevalence of serious
vitamin D deficiency (defined as secondary hyperparathyroidism) was 4-5 times
higher in Pakistanis compared to Norwegians (11). A high prevalence of vitamin
D deficiency was also found in both women and men born in Turkey, Sri Lanka,
Iran, Pakistan, and Vietnam (n=1000) who met to the Oslo Immigrant Health
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Study in 2002 (16). Frequent use of cod liver oil supplements and fatty fish was
associated with high serum 25(OH)D in these five immigrant groups.

Elderly

Seventy-five-year-olds living at home who participated in the Oslo Health Study
had as good vitamin D status as younger Norwegians (11). In a European multi-
center study, 70-75 year old Norwegian men and women in Elverum (61°N) had
higher vitamin D status than men and women at the same age living at more
southern latitudes in Europe (17).

Among men and women above 70 years in Oslo in the 1990s, 98 living at home
and 277 recently hospitalized, vitamin D status was low, and it was lowest in the
hospitalized (18). Half of the hospitalized women had vitamin D deficiency. In
those living at home, 25(OH)D levels measured in late summer were
significantly higher than those measured in late winter, but this was not found
among the hospitalized.

In an intervention trial with vitamin D supplementation performed in 51 nursing
homes in Oslo and Bergen, nursing home residents of both genders with mean
age 85 years had mean 25(OH)D levels of 49 nmol/l at baseline (19). Mean
25(OH)D after one year of vitamin D supplementation was 64 nmol/l (n=31).

Discussion

In general, Norwegians appear to have a better vitamin D status compared to
populations of other Nordic countries as well as countries further south (20). It is
known that vitamin D status depends on diet and supplementation, sun exposure,
season and latitude, as well as biologic factors such as age, skin pigmentation,
and body composition. The most sensitive measure of vitamin D status is the
concentration of 25-hydroxyvitamin D in serum (4). There is of today no
common consensus as to which levels should be regarded as optimal with regard
to health. Based on studies on which levels are associated with increased
parathyroid hormone response and bone turnover, different cut-off limits have
been suggested. We have used a proposed cut-off that we regard as reasonable
(2). However, it has been suggested that higher levels, such as in the magnitude
of 90-100 nmol/l, may be optimal for bone mineral density, muscle function,
dental health, and risk of falls, fractures, and colorectal cancer (3).

A serum concentration of 200 nmol/l is regarded as an upper limit where no
adverse effects are observed (21).

Clinical signs of vitamin D deficiency are rarely seen in Norway today.
However, an increasing number of infants and toddlers with rickets have been
admitted to pediatric departments during the last decades, and these children are
predominantly of immigrant background (22). Vitamin D stores decrease rapidly
after birth in breastfed infants, and rickets usually makes its debut between the
age of 6 months and 2 years (23). Children born of mothers with low stores of
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25-hydroxyvitamin D will have poor vitamin D status from the start, and will
have an increased risk of developing rickets. Breast milk contains little vitamin
D, and breastfed infants need vitamin D supplements to reach the recommended
intake (24).

There is a too limited data basis for drawing conclusions regarding vitamin D
status in children and adolescents. As the intake of vitamin D is low in
adolescents (25) there is reason to believe that vitamin D status may be low,
particularly in Northern Norway where sun exposure is limited during the winter
months.

Factors predisposing for vitamin D deficiency in persons with immigrant
background from non-western countries include a high degree of skin
pigmentation, avoidance of direct sun exposure combined with religious or
cultural clothing habits, and a diet poor in vitamin D and limited use of cod liver
oil and supplements (26). A high prevalence of vitamin D deficiency in
immigrants from the Indian Subcontinent has been found in Denmark (27;28)
and the UK (29;30), and Norwegian data correspond to this. However, we lack
information about immigrant groups other than those who participated in the
Oslo Immigrant Health Study.

In elderly, vitamin D status may be poor due to ineffective synthesis in the skin,
as well as reduced dietary intake and outdoor activity. The production of the
active vitamin D hormone will also decrease with impaired renal function (2).
Existing data suggest that institutionalized elderly may benefit less of the
sunlight during the summer months, thus supplementation is an all the more
important source. Our knowledge about vitamin D status in elderly is not based
on nationwide data but samples from Oslo and Bergen. Vitamin D status in
elderly will depend upon local conditions such as dietary habits, sun availability
and sun exposure, and routines for supplementation in the nursing homes.

Conclusion

Vitamin D status in the majority of the adult Norwegian population is sufficient.
However, levels are insufficient in a relatively large proportion of the
population, and there is a drop in vitamin D status in late winter, also in southern
Norway. In particular, elderly nursing home residents and certain non-western
immigrant groups are at high risk of vitamin D deficiency. There is a need for
measures to increase vitamin D status, both in the form of increased addition of
vitamin D to foods directed towards the general population, and vitamin D
supplementation to high-risk groups. Monitoring vitamin D status is important
in vulnerable groups, but also in representative samples of the general
population.
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Table 1. Overview over published studies that have assessed 25-hydroxyvitamin D status in groups of the healthy
population in Norway

Puhlication Phce Pop ulation Age n Time of Mean Prop ortion Cut-off
year @5% CI) %0 hwith limit for
SETUM vitaminD defining
25(0H)D deficiency  vitamin D
(nmolTy deficiency
(nmw 1)
Infants and Nlarkestad 1983 (&) Berzen Breastfed, not receiving supplementation 4 days 19 Iularch 32(25,33)
toddlers Breastfed, not receiving supplementation f weeks 16 Dularch 16 {13, 15) Bl 20
Formmula fed infants & weeks 2 Ilarch 927, 107
Fecerving sun exposure, no supplements  7-1% mo. 22 Sept B5{73, 90
Infamts receiving vitarmin D supplements f-12 mo. 37 Dularch 533 (44, 62) 193 20
Crremmerud 2000 {7 Dslo 1-year-olds ly 249 al (59, 63)
Kavemdolkk 2001 Oslo 2-year-olds 2y 227 Ilarch- a6 (63,69) 245 50
(2 June
Children and bksnes & Larskog, Bergen Boys and gitls, supplermented 818y 19 Ilarch T4 (64, B
adolescents 1922 (9 Boys and gitls, unsupple e nted 218 v 34 Iularch 55{42, ad)
Pedersenetal , Bergen Bovs 12y 26 Lupril BE (59, 78) 0 (27 300¢507
1989 {10} Cirls 15y 22 Ilarch a2 (51, 73} 0%, (45%:) 30507
Boys 15y 32 Ilarch Al (54, 68) IR ET RS 30 (507
Bovs 1Ty 20 Jarmary 53043, 6d)  23% (50%) 300¢507
Cirls 11y 19 Sept  112{102,120 0 {0y 30507
Boys 16 ¥ 20 Sept 1245 0 {0y 30 (507
Hammer-  Boys and girls, spring 10y 20 Ilarch ad (58, 700 0 (5% 300¢507
fest Boys and girls, autumn 10 % 20 Sept T3 (65, 1) 0 (5% 30 (50m
Healthy adults Wiketal, 1979 (31) Tromse Ilen (control grong) 44 G356, T1)
[ general
popualation Wiketal, 1980 (32) Tromse Adults, taking vitamin D supplerme nt f Iularch 22 (a2, 98)
Adults, not talking sritarain D supplerns nt 17 Sept 2070, 24

Mo 35048, 62)
January 5443, 60)
March 32(42, 61)
My 3447, 62)
Tl 24175, 9
Sept 7% (63, 87)
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Tubie I, cort,

Puhlication

Ifarkestad et al.,
1986 {33)

Bismmeboe et al.,
1985 (34

Alksnes etal, 1929
(35

Falch & Steihang,
200015}

Tuohimaaetal.,

2004 (36)

Brustad, 2004 (12)

Meyeretal, 2004
{11}

Pregnant and Dlarkestad, 1986
delivering (33
women

Brurreand & Hang,
1993 (13)

Hennksenetal,
1925143

Place

Bergen

Dzl

Bergen

Czlo

Several
conrnties,
inclnding

Czlo

Northemn
Norwasy
Dzla
Bergen

Czlo

Czlo

Population

Young wormen

Ivlen

Young adults

Prernenopansal wormen

Ivlen (hlood donaors)

Women

Wlen and wormen borm in Noreasy

lst trimester, unsupplemented, sureaer
lst trimester, unsupplermented, winter

Delmvering Norweg ian women

Preg rant Morweg lan wormen

Age

2436y

064y

2259y

3550y

M50y

4515y

23-40 v

26812y

26327

17

35

25

24

1

300

268

22

23

36

Time of
Year

IlayeOict
Jan-Feh
Lpml-

June

Ivlarch-
May

Jan-Diec

More-June
IlazeJan
Dlas-Oict
Mo - Epr

Feb-Tune

Cict-Tan

Mean
@5% CI)
SETUTL
25(00H)D
(nmo 1Ty

W_”__“_._

54 (44, 6y

mw_“_._

65 (55, 74)

55 (54, 58)

37 (53, 539)
T5 (75,7160
131 i1

W_”__“_._

43

55 (41, 1

Proportion
(%) with

vitamin D

deficiency

38
0.7%

0.2% (14%)

3%

6%

Cut-off
limit for

defining
vritamin D
deficiency

(nmolT)

30

50
25

25050

30

30
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Tabie I, covit,
Pub hcation
Elderly, healthy, Semetal, 1987
living at home (37
Mesetal, 1988
(38
Lksnesetal, 1959
35
wan der Wielen et
al, 1995017
Ilowe et al, 1998
ey
Dleweret al, 2004
(11}
Elderly, Semetal, 1087
institntionalized, (37
reduced
functional lewel

Phce

D5l

Cialo

Berzen

Elrerurn

D&l

D5l

Diglo
I3 rarsing
horoes)

Population

Women

unsupplerented, winter
unsupplerented, mrrner
suppleme nted, winter
suppleme rted, surarner

Ivlen and women

Lrtive elderly living at home

Ivlen
Wornen

Ivlen
Wornen

Ivlen
Wornen

Wornen

unsupplerrented, winter
unsupplerented, mrraer
supplermented, winter
suppleme rted, surarner
Ilen

unsupplerrented, winter
unsupplerented, mrraer

Age

7092 v

16-87 v

70-90
075 v
075 7

=70 v
=70 ¥

Ty
Ty

7494 y

6996 ¥

10
12
14
12

15

19

32

28

a0

70
219

12

12

23

13
13

Time of
year

Feb/Tvlar
AugfSep
Feb/Tvlar
duglEep

Sep-June

Ll
June

&1 wear
&1 vear

WlayeJan
WlageJan

Feb/Tvlar
AuglSep
Feb/Tvlar
Augltep

Feb/Tvlar
AuglSep

Mean
(@5% CI
SeTum
25(0H)D
(nmol'D)

5443, 63)
7055, 83)
20 {79, 05

04 (20, 109)

S8 438, 69)

N_H___“_._

45
42

60 (52, 62)
49 {43, 54)

T6
=

36 (25, 47)

49 (36, 1)
o6 (23, 108)
07 {23, 111)

42034, 43
40 (33, 47)

Proportion
(%) with

vitamin D

deficiency

40%s
17%

47%

la%:

28%
18%

18%
5%,

B3%
58%
9%
0%

T
T

Cut-off
limait for
defining

vitamin D
deficiency
(nmo 1I'T)

50
50
50
50

50

30
30
30
30

25
25

50
50
50

50
50
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Tuble 1, corit,

Puhlication

Mezsetal, 1982
{38)

Akaresetal, 1989
(35

Iowe etal, 1992
(12

Mleweretal, 2002
{19)

Mon-weste m
Imruigrants

Brurseand & Haug,
1993 (13

Henriksen et al ,
1995 (14)

Falch & Steihanug,
2000 (15)

Meweretal, 2004
{11

Holvik et al,, 2005
(16}

Place

Dzl
Bergen
Dzl
Oslo &
Bergen
Dzl

Osla

Oisla

Osla

Cizlo

Population

Wormen and men with demerntia
Hursing hote residents, wit D 10 pgfday
Hursing home residents, no suppleme nt

Iden admdtted to hospital
Wornen admitted fo hospital

Elderly wormen in nursing homes

D livering Pakistand wormen

Pregrnant Pakistani women

Palkistani premenopansal women

Palistard men and wormen living in Oslo

Men and women Iving in Oslo
Country of birth Turkey
Country of birth 511 Lanka
Country of birth [ran

Country of birth Pakistan
Country of birth Vietam

U hledian (25, 75 percentile) serum 25(0H)D ' Plasma 25(CHID

Age

16-87 v
T1-96 v
73-96 v

=70 ¥

=70 ¥

28458 v

2329 7

3550 v

3075

20-60

15

29

14

129
143

104

30

36

26

i

188
310
199
191
112

Time of
year

Sep-Tune

Apr-Jun
Apr-Jun

AT year

Al ear

Feb-Tune

Oiot-Jan

Mar-Iay

Ilay Jan

Feb-Hone
Feb-Iowr
Feh-IMowr
Feh-Mosr
Feh-Maowr

Mean
@5% CI)
SETUM
25(0H)D
(mmolT)

5038, 63)

mm_“_._
wh._“_._

40 (36, 444
3B(34, 41

48 (43, 53)
15

19415, 25

22(1a, 27

25043, 27

2921, 3
3022, 3m
921,30
22(1g, 2y 1
3228 4m

Proporton
(% ywith

vitamin D)

deficiency

47%
3%
36%

34%
49%

%

7%

3%

D&

5%

35%, (33%)
3% (92%)
6% (3654
S0%, (97%)
18% (82%)

Cut-off
limit for
defining

vitamin D
deficiency
(mmo T

50
30
30

30
a0

25
30

30

50

5

25 (50)
25 (50
25 (50
25 (50
25 (50)
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