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Objectives: To study the prevalence of hypovitaminosis D, the effect of vitamin D supplementation on serum
25-hydroxyvitamin D [S-25(OH)D], and the intakes of vitamin D and calcium in Finnish 9- to 15-year-old
athletic and nonathletic girls.
Design: 1-year follow-up study (February 1997-March 1998) with three months of vitamin D supplementation
(10 mg=d) from October to January.
Setting: Turku University Central Hospital, Finland.
Subjects: 191 female volunteers aged 9 ± 15 y (131 athletes and 60 controls).
Methods: Vitamin D and calcium intakes were estimated by a four-day food recording and a semi-quantitative
food frequency questionnaire (FFQ). S-25(OH)D was followed by radioimmunoassay (RIA).
Results: At baseline the mean S-25(OH)D concentration was 33.9 nmol=l among all girls. In winter severe
hypovitaminosis D (S-25(OH)D< 20 nmol=l) occurred in 13.4% of the participants and in 67.7% S-25(OH)D
was below 37.5 nmol=l. By the next summer the mean S-25(OH)D concentration was 62.9 nmol=l and in 1.6% of
the subjects it was below 37.5 nmol=l. The prevalence of severe hypovitaminosis D was not signi®cantly reduced
by three months of vitamin D (10mg=d) supplementation. At baseline, the mean intake of vitamin D was 2.9 mg=d
by food recording and 4.3 mg=d by FFQ. The mean calcium intake was 1256 mg=d and 1580 mg=d, respectively.
The intakes of vitamin D and calcium remained unchanged during the follow-up period. The athletes consumed
more calcium than nonathletic controls, whereas the intake of vitamin D was quite similar among both groups.
The vitamin D intake by FFQ correlated with the S-25(OH)D concentration in wintertime (r� 0.28, P< 0.01).
Conclusion: Hypovitaminosis D is fairly common in growing Finnish girls in the wintertime, and three months
of vitamin D supplementation with 10mg=d was insuf®cient in preventing hypovitaminosis D. The daily dietary
vitamin D intake was insuf®cient (< 5mg=d) in the majority of participants, while the calcium intake was usually
suf®cient.
Sponsorship: Supported by the YrjoÈ Jahnsson Foundation, The Turku University Foundation, and the Medical
Research Foundation of the Turku University Central Hospital.
Descriptors: calcium intake; hypovitaminosis D; serum 25-hydroxyvitamin D; vitamin D intake

Introduction

The sources of vitamin D are the diet and cutaneous
synthesis under the in¯uence of sunlight. At high latitudes,
where there is only little sunlight in the winter there is
reduced production of vitamin D for 4 ± 6 months of the
year (Webb et al, 1988). The recommended dietary allow-
ance of vitamin D is 5mg=d among 4- to 60-year-old
subjects in Finland. Since the natural dietary sources of

vitamin D are limited, rickets was previously fairly
common in Finland, as in the other Scandinavian countries,
until supplementation of the diet with vitamin D was started
in the 1940s (Hallman et al, 1964). Currently vitamin D
de®ciency occurs in elderly people in Europe (Heikinheimo
et al, 1996; Lips et al, 1996) and it may be an important
risk factor for osteoporotic hip fractures (Lips et al, 1987),
as implied by the fact that supplementation with vitamin D
and calcium reduces the risk of hip fractures and other
nonvertebral fractures among elderly women (Chapuy et al,
1992; Dawson-Hughes et al, 1997). Many studies have
shown a signi®cant correlation between the dietary vitamin
D intake and the serum 25-hydroxyvitamin D [S-25(OH)D]
concentration in the elderly (Lips et al, 1987; Krall et al,
1989; Salamone et al, 1993; Thomas et al, 1998). Vitamin
D from the diet is clearly important in the northern
countries like Finland (Lamberg-Allardt, 1984).

The most important source of calcium is milk products.
Adolescents absorb a greater percentage of the calcium in
their diet than adults. The bene®ts of a high calcium intake
with respect to the development of the skeleton is most
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apparent in puberty (Abrams et al, 1997). Several studies
have shown that the intake of calcium is important for the
development of the bone mineral density (Johnston et al,
1992; Chan et al, 1995). The daily recommended intake of
calcium among peripubertal girls is from 700 to 900 mg=d
in Finland.

The purpose of this study was to investigate the daily
dietary intake of vitamin D and calcium and to compare
dietary intake of vitamin D with the S-25(OH)D concentra-
tion in the athletic and nonathletic 9- to 15-year-old girls
during one year follow-up. We hypothesised that athletes
may consume more vitamin D and calcium than controls
owing to higher energy expenditure. The aim was also to
evaluate the effect of vitamin D supplementation on the S-
25(OH)D concentration in wintertime.

Subjects and methods

Subjects
The study group comprised 191 healthy Caucasian girls
aged 9 ± 15 y (66 competing gymnasts, 65 competing run-
ners, and 60 nonathletic controls). The participants were
enrolled as volunteers who were recruited from October
1996 to January 1997 from local sports clubs and schools in
the city of Turku and its vicinity. The participant was
considered as pursuing competitive athletics if she had
participated regularly in competitive sports at a local,
provincial or national level for at least one year. The
group of runners consisted of long-distance runners and
orienteers. A subject was referred to the control group if
she did not participate in any kind of regular or organized
sports. All participants were healthy and had no chronic
diseases that could affect growth or the metabolism of
calcium or vitamin D.

The study protocol was approved by the joint ethics
committee of the Turku University and the Turku Univer-
sity Central Hospital. The study was carried out in accor-
dance with the Declaration of Helsinki. Written informed
consent was obtained from all volunteers and their parents.

Study design
All subjects were studied at baseline over an eight-week
period in February ± March 1997. Weight and height were
recorded. Height was measured with a ®xed stadiometer
(Harpenden Stadiometer; Holtain, Crymych, UK) and
weight with a regularly calibrated electronic scale (EKS
exlusive, EKS International, Sweden). The body mass
index was calculated and recorded (kg=m2). All measure-
ments were made between 0800 ± 1000 h by the same
observer (M L-V). The measurements were repeated six
and twelve months later. At the six-month visit multi-
vitamin supplementation (Optivit1 (Leiras, Turku, Fin-
land) containing vitamin D10 mg) was given to all
participants. The participants were asked to take one
tablet per day from the beginning of October for at least
three months. They stopped the supplementation, which
continued for three months, one month before the end of
the follow-up period. Calcium supplementation (Puru-
Calsor1 (Orion, Espoo, Finland) containing 500 mg cal-
cium) were given to those who consumed calcium less than
1000 mg=d.

Questionnaires
Questionnaires were administered to all subjects to deter-
mine vitamin D intake, calcium intake, physical activity,

and medical history. All travels to lower latitudes and the
duration of any such visits were also documented on the
questionnaire. If the participant was a young child all
questionnaires were answered by one of the parents
together with the child, otherwise by the participant herself.

Assesessment of nutrient intake
Interviewer administered semi-quantitative food frequency
questionnaires (FFQ) included questions on supplement use
and pictures of portion sizes and were used to estimate the
intakes of vitamin D and calcium. Two FFQs were admi-
nistered: one covering the preceeding three months (vita-
min D) and another covering the preceeding 1 month
(calcium). The questionnaires have been used previously
in a study by VaÈlimaÈki et al (1994). The subjects kept a 4-d
food recording for three weekdays and one weekend day.
Daily intakes of energy, total fat, carbohydrate, vitamin D
and calcium were calculated by a trained dietitian who used
a validated Finnish nutrient data base (Rastas et al, 1993).

Laboratory studies
Morning blood samples were taken of the participants after
an overnight fast. Local anesthetic patches (Emla1 Astra,
SoÈdertaÈlje, Sweden) were used to reduce the discomfort of
venipuncture. Blood samples for determination of S-
25(OH)D were centrifuged within two hours of venipunc-
ture (2110 g) and frozen at 7 20�C. The serum samples for
25(OH)D were protected from light during processing.
Samples obtained at each study visit were assayed in one
run by RIA (Incstar Corporation, Stillwater, Minnesota,
USA). The samples were run in duplicate; the interassay
coef®cient of variation was 8.3% at the level 35.3 nmol=l
(n� 50) for 25-hydroxyvitamin D. Routine blood chemis-
try included serum calcium and alkaline phosphatase and
was analysed by Hitachi 717 and 917 analysers (Hitachi
Ltd, Tokyo, Japan).

Hypovitaminosis D
We de®ned severe hypovitaminosis D as S-25(OH)D below
20 nmol=l and moderate hypovitaminosis D as S-25(OH)D
between 20 and 37.5 nmol=l (Thomas et al, 1998). The
de®nition of hypovitaminosis D was determined from
published data demonstrating that serum parathyroid hor-
mone concentration is inducing an increase in patients who
have serum 25(OH)D concentrations � 37.5 nmol=l
(Thomas et al, 1998).

Statistical analysis
The SAS 6.12 statistical software (SAS Institute Inc., Cary,
NC, USA) for Windows were used to run the statistical
analyses. The results were expressed as means� standard
deviation (s.d.). Comparisons of means between groups
were done with two-sample t-tests. Fisher's exact tests were
performed to compare proportions between athletes and
controls. Paired sample test t-tests were used in comparing
means between questionnaire and food record and Mc
Nemar's tests in comparing corresponding paired sample
proportions. If the assumptions of t-tests were questionable,
corresponding non-parametric tests were also performed
(Mann-Whitney test with unpaired data and Wilcoxon
signed-rank test with paired data). There were no practical
differences in results. Spearman's rank correlations were
used in correlation analyses. The signi®cance level was set
at P< 0.05.
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Results

One hundred eighty-six girls completed the one year
follow-up; ®ve participants discontinued after baseline
evalution for reasons unrelated to the trial design. The
baseline data of the study subjects are presented in Table 1.
There were no signi®cant differences between the groups
concerning height or weight. The athletes consumed sig-
ni®cantly more energy, carbohydrate, total fat and protein
than the controls.

Intakes of vitamin D and calcium
The mean daily intake of vitamin D was quite similar
among the athletes and the controls as assessed either by
food recording or FFQ throughout the three evaluation
periods (Figure 1). The athletes consumed signi®cantly
more calcium than controls during the whole study
period, when the intake of calcium was estimated by both
methods (Figure 1). The ®gures describing vitamin D
intake at baseline were signi®cantly lower by food record-
ing than by FFQ (2.9 mg=d (s.d. 1.5) vs 4.3 mg=d (s.d. 2.1),
P< 0.001). The corresponding ®gures for calcium intake
were 1256 mg=d (s.d. 426) vs 1580 mg=d (s.d. 626),
P< 0.001, respectively. The Spearman correlation coef®-
cient for the intakes of calcium ranged from 0.54 to 0.64
(P< 0.001) and for the intakes of vitamin D from 0.27 to
0.44 (P< 0.05) between these two methods during the
study.

Twenty-two percent of the participants took vitamin D
supplementation at least four times a week at baseline and
no less than 93.4% at the 12-month visit. The correspond-
ing ®gures concerning calcium supplementation were 4.2%
and 19.8%. There were no signi®cant differences in the use
of supplementation among the athletes and controls.

Serum 25-hydroxyvitamin D concentration and intake of
vitamin D
At baseline, which was in midwinter (February ± March)
1997, the mean S-25(OH)D concentration in all participants
was 33.9 nmol=l. The participants who took vitamin D
supplementation at the beginning of the study had a
signi®cantly higher S-25(OH)D concentration than the
participants who did not (43.3 nmol=l vs 31.2 nmol=l,
P< 0.001) (Table 2). The S-25(OH)D concentration at
the six-month visit, which was in summertime (August ±
September) 1997, was signi®cantly higher than the baseline
and the 12-month values. Although 93.4% of the partici-
pants took vitamin D supplementation 10 mg=d (at least four
times a week) during three months between October 1997
and January 1998, the mean S-25(OH)D concentration was
only 33.7 nmol=l at the end of the study (Table 2).

Vitamin D intakes assessed by the two different methods
were compared to the S-25(OH)D concentrations in the
subgroup of participants, who had not used vitamin D
supplementation and who had not been on sunny holidays
during the winter. The FFQ correlated weakly with S-
25(OH)D concentration (r� 0.28, P< 0.01) while food
recording did not (r� 0.18, NS). The S-25(OH)D concen-
tration among those subjects in this subgroup who ingested
more than 5 mg=d vitamin D as estimated by FFQ was
higher than among those who ingested less than 5 mg=d
(34.4 nmol=l vs 27.4 nmol=l, P< 0.01) (Figure 2).

The prevalence of severe hypovitaminosis D among 9-
to 15-year-old girls was 13.4%, and of moderate hypovita-
minosis D 67.7% at baseline in midwinter (February ±
March). At the same time 2.2% of the participants had
the S-25(OH)D concentration below 10 nmol=l (Table 3).
After the very sunny summer of 1997 in Finland only three
participants (1.6%) in the study group had the S-25(OH)D
concentration below 37.5 nmol=l. At the 12-month visit
after three months of vitamin D supplementation 63.4%
of the participants had still hypovitaminosis D, and 9.1%
had severe hypovitaminosis D. The prevalence of hypovi-
taminosis D between the baseline visit and the 12-month
visit did not differ signi®cantly in the group of participants
who took 10 mg=d of vitamin D supplementation for three
months (Table 3).

Table 1 Baseline characteristics of study subjects

Variable Athletes Controls P

Number 131. 60.
Age (y) 12.9 (1 8) 13.1 (1.7) NS
Height (cm) 155.0 (10 7) 156.4 (9.7) NS
Weight (kg) 43.9 (10 3) 46.5 (10.4) NS
BMI (kg=m2) 18.0 (2 3) 18.8 (2.7) < 0.05
Energy intake (KJ=kg=d) 193.2 (50 0) 164.8 (45.4) < 0.001
Total fat intake (g=d) 72.1 (20 8) 64.9 (18.2) < 0.05
Protein intake (g=d) 77.4 (17 9) 68.0 (16.9) < 0.001
Carbohydrate intake (g=d) 241.3 (62 5) 218.6 (50.9) < 0.05

Results are mean (s.d.); NS, not signi®cant.

Figure 1 Daily dietary vitamin D (upper) and calcium (lower) intakes
(mean� s.d.) by 4-d food recording and food frequency questionnaire
(FFQ) among the athletes and controls.
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The concentration of serum calcium and activity of
alkaline phosphatase of all participants were normal
during the follow-up period.

Discussion

The serum concentration of 25(OH)D is the most sensitive
clinical marker of subject's vitamin D status (Hollis, 1996).

The present 1-year follow-up study of 186 girls demon-
strated a frequency of severe hypovitaminosis D of 13.4%
in midwinter (February ± March), which is a fairly high
®gure. The next summer 1997, which was unusually sunny
in our country, none of the participants had severe hypo-
vitaminosis D. Although 93.4% of the participants used
vitamin D supplementation 10 mg=d (400IU) at least four
times a week during at least three months from October
1997 to January 1998, we found that 9.1% of the partici-
pants had severe hypovitaminosis D the next winter (in
February ± March). Three months of vitamin D supplemen-
tation did not signi®cantly reduce the prevalence of hypo-
vitaminosis D. The dose of vitamin D supplementation was
apparently too low in Finland, located at 61�30' north. The
vitamin D supplementation was discontinued one month
before the sample collection which explains partly the
insigni®cant change in S-25(OH)D concentration. The
half-life of 25(OH)D in serum is approximately three
weeks (Holick, 1990). We do not believe that poor com-
pliance explains the insigni®cant change in S-25(OH)D,
while girls reported the frequency of vitamin D supple-
mentation by a self-administered questionnaire, and we
included this information to the analysis.

The average dietary vitamin D intake of girls aged 12 or
15 y in Finland has previously been reported to be 2.1 to
3.0 mg=d; the total intake of girls of this age including
supplements ranged from 2.5 to 3.4 mg=d (Lamberg-Allardt,
1984). These ®gures agree with the present study (Figure
1). Although the daily intake of vitamin D in our study was
below the recommended daily allowance of vitamin D in
Finland, only 22.0% of the participants took vitamin D

Table 2 Mean (s.d.) S-25(OH)D (nmol=l) concentration during 1-year of follow-up

Participants not taking Participants taking
supplementation at supplementation at least 4

Whole group baseline times a week at baseline

Follow-up visit n S-25(OH)D nmol=l n S-25(OH)D nmol=l n S-25(OH)D nmol=l

At baseline 186 33.9 (13.9) 144 31.2 (12.2) 42 43.3 (15.2)a ***

(February-March)
At 6 months 187 62.9 (15.0)b,c *** 145 62.7 (14.8)b,c *** 42 63.8 (15.6)b,c ***

(August-September)
At 12 months 186 33.7 (11.4) 145 32.9 (11.2) 41 36.6 (11.7)d *

(February-March)

aS-25-OH-D at baseline in the supplementation group differ from without supplementation group.
bS-25-OH-D at the 6 months differ from baseline.
cS-25-OH-D at the 6 months differ from 12 months.
dS-25-OH-D at the 12 months differ from at baseline.
*P< 0.05; **P< 0.01; ***P< 0.001.

Figure 2 Daily vitamin D intakes assessed by food recording (upper) and
food frequency questionnaire (FFQ) (lower) at baseline compared with S-
25(OH)D concentration in the peripubertal girls, who had neither taken
vitamin D supplementation nor been on sunny holidays during the winter.

Table 3 Prevalence (%) of hypovitaminosis D in wintertime and
summertime and in the next winter after 3 months of vitamin D
supplementation

S-25-OH-D. At baseline At 6 months At 12 months
nmol=l February ± March August ± September February ± March

� 37.5 nmol=l 126=186 (67.7%) 3=187 (1.6%)a,b*** 118=186 (63.4%)
< 30 nmol=l 79=186 (42.5%) 0=187 (0%)a,b*** 68=186 (36.6%)
< 20 nmol=l 25=186 (13.4%) 0=187 (0%)a,b*** 17=186 (9.1%)
< 10 nmol=l 4=186 (2.2%) 0=187 (0%) 2=186 (1.1%)

aFrequency of participants at the six-month visit differ from that at
baseline.
bFrequency of participants at the six-month visit differ from that at twelve-
month visit.
***P< 0.001.
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supplementation at least four times a week at the beginning
of the study. McKenna (1992) reported that the mean
vitamin D intake is signi®cantly lower in Central Europe
(2.5 mg) than in North America (6.2 mg) or Scandinavia
(5.2 mg). Generally young girls consume only a little
vitamin D (Andersen et al, 1995b; Samuelsson et al,
1996), although in Iceland the situation is much better
(Kristiansson et al, 1998).

In our study the mean S-25(OH)D concentration was
lower (33.9 nmol=l) than those observed in earlier studies
in wintertime (Savolainen et al, 1980; KoÈnig et al, 1993;
Hillman et al, 1994; Moulas et al, 1997) (Table 4).
However, in the studies of the 1980s S-25(OH)D was
assayed by a different technique, and it is thus dif®cult to
compare those results with ours. Vik et al (1980) concluded
that the dietary intake of vitamin D is suf®cient to maintain
a fairly high and nearly constant S-25(OH)D concentration
despite the complete absence of sunshine for 2 months
annually in TromsoÈ. This difference might due to eating
habits between Finland and other Scandinavian countries.
Probably the consumption of ®sh is more common in
Iceland than in Finland, while the daily vitamin D con-
sumption is at least 7.5 mg=d (Kristiansson et al, 1998).

In our study 65% of the participants did not use vitamin
D supplementation at baseline, and in this group the mean
S-25(OH)D concentration was very low (31.2 nmol=l).
Those who reported taking multivitamins at the beginning
of the study had a signi®cantly higher (43.3 nmol=l) S-
25(OH)D concentration. There is a lack of studies concern-
ing the effect of vitamin D supplementation in young
people. However, Zeghoud et al (1995) reported the use
of vitamin D injections of 100 000 IU to keep the S-
25(OH)D concentrations in the normal range 1 ± 2
months. A Norwegian study on participants aged 8 ± 18 y
found that supplementation of the diet with 10 mg=d (400
IU=d) vitamin D raised the S-25(OH)D concentration from
55 nmol=l to 74 nmol=l. In the same study, the seasonal
variation raised the S-25(OH)D to 142 nmol=l (Aksnes et
al, 1982). The effect of vitamin D supplementation on the
S-25(OH)D concentration has been demonstrated in several
studies on elderly people worldwide (Chapuy et al, 1992;
Heikinheimo et al, 1996; Lips et al, 1996). Barger-Lux et al
(1998) reported that an 8-week course of vitamin D3 of
10 mg=d raised S-25(OH)D by 11 nmol=l in healthy adult
males. In our study the mean S-25(OH)D concentration was
about 25 nmol=l among the subjects who had the lowest
dietary vitamin D intake (1 mg=d) and about 35 nmol=l
among those with the highest intake (9 mg=d); these ®gures
agree with the above-mentioned results. Signi®cantly the
mean increase in S-25(OH)D caused by sunny weather was

about 30 nmol=l which corresponds to more than 20 mg=d of
a daily dietary vitamin D intake. We agree with the opinion
of Utiger (1998) who suggests that vitamin D supplementa-
tion should be used more widely, and forward the sugges-
tion that also peripubertal children should consume daily
vitamin D supplementation.

Several studies have demonstrated a positive correlation
between S-25(OH)D concentration and bone mineral den-
sity in elderly persons (Chapuy et al, 1992; Collins et al,
1998). Also treatment with vitamin D and calcium reduces
the risk of fractures (Chapuy et al, 1992; Dawson-Hughes
et al, 1997), however a recent cross-sectional study did not
show any signi®cant association between S-25(OH)D and
bone mineral density in adolescent girls (Kristinsson et al,
1998).

The participants in the present study took generally
speaking the recommended Finnish dietary allowance of
calcium of 700 ± 900 mg=d. There was substantial indivi-
dual variation. In general, the daily intake of calcium was
suf®cient because the girls used dairy products. Although
the calcium intake of young girls in the USA is low
(Johnston et al, 1992), the dietary calcium intake among
young girls in the northern part of Europe is generally
adequate (Andersen et al, 1995b; Samuelsson et al, 1996;
Boot et al, 1997; Kristinsson et al, 1998).

In the present study the correlation between the two
methods estimating dietary intake of vitamin D was statis-
tically signi®cant but weak, which may be due to the fact
that almost all participants consumed only small amounts
of vitamin D. The Spearman rank correlation coef®cient
between the methods ranged from 0.27 to 0.44. In a
Norwegian study the Spearman correlation coef®cients
between FFQ and 7-day food recording for vitamin D
was even lower 0.14 (Andersen et al, 1995a). The correla-
tion between S-25(OH)D and dietary intake of vitamin D
has been 0.13 to 0.80 in previous studies (Lips et al, 1987;
Krall et al, 1989; Salamone et al, 1993). In the present
study at baseline, there was a statistically signi®cant but
weak correlation between S-25(OH)D and intake of vita-
min D as assessed by FFQ, but not by food recording. This
re¯ects the fact that even at this northern latitude the S-
25(OH)D concentration is only partly determined by the
dietary intake.

Conclusion

Almost all Finnish 9- to 15-year-old girls in our study had a
lack of vitamin D in their diet, while the daily intake of
calcium was generally suf®cient. The prevalence of hypo-
vitaminosis D was remarkably high in this group of young

Table 4 S-25(OH)D concentration among the healthy subjects in the former studies

S-25(OH)D, nmol=l

Study Country Age (y) Number of the subjects In the summer In the winter Unknown season

Savolainen et al, 1980 Finland 3 ± 81 41 82.5 36.3
Vik et al, 1980 Norway 22 ± 46 17 84.2 51.5
Aksnes et al, 1982 Norway 8 ± 18 34 142 55
KoÈnig et al, 1993 USA 3 ± 18 61 53.8
Hillman et al, 1994 USA mean 11.8 37 53.2
Moulas et al, 1997 Greece 5 ± 10 15 64 48

11 ± 23 19 68 37.5
Kristinsson et al, 1998 Iceland 16 71 41.4

20 118 45.8
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fast growing girls. The supplementation with vitamin D
(10mg=d) did not signi®cantly succeed in reducing the pre-
valence of hypovitaminosis D. Although none of the subjects
had rickets, the results from this study suggest that the intake
of vitamin D is inadequate in this age group of females. This
might be an important public health problem and in addition
to its effect on the growing skeleton, hypovitaminosis D may
affect other organ systems adversely.

References

Abrams SA, Grusak MA, Stuff J, O'Brien KO (1997). Calcium and magne-
sium balance in 9 ± 14-y-old children. Am. Clin. Nutr. 66, 1172 ± 1177.

Aksnes L, Aarskog D (1982). Plasma concentration of vitamin D meta-
bolites in puberty: effect of sexual maturation and implications for
growth. J. Clin. Endocrinol. Metab. 55, 94 ± 101.

Andersen LF, Nes M, Lillegaard IT, Sandstad B, Bjù rneboe G-EA
(1995a). Evaluation of a quantitative food frequency questionnaire
used in a group of Norwegian adolescents. Eur. J. Clin. Nutr. 49,
543 ± 554.

Andersen LF, Nes M, Sandstad B, Bjù rneboe G-EA, Drevon CA (1995b).
Dietary intake among Norwegian adolescents. Eur. J. Clin. Nutr. 49,
555 ± 564.

Barger-Lux MJ, Heaney RP, Dowell S, Chen TC, Holick MF (1998).
Vitamin D and its major metabolites: serum levels after graded oral
dosing in healthy men. Osteoporos Int. 8, 222 ± 230.

Boot AM, de Ridder MAJ, Pols HAP, Krenning EP, de Muinck Keizer-
Schrama SMPF (1997). Bone mineral density in children and adoles-
cents: relation to puberty, calcium intake, and physical activity. J. Clin.
Endocrinol. Metab. 82, 57 ± 62.

Chan GM, Hoffman K, McMurry M (1995). Effects of dairy products on
bone and body composition in pubertal girls. J. Pediatr. 126, 551 ± 556.

Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S, Delmas
PD, Meunier PJ (1992). Vitamin D3 and calcium to prevent hip
fractures in elderly women. N. Engl. J. Med. 327, 1637 ± 1642.

Collins D, Jasani C, Fogelman I, Swaminathan R (1998). Vitamin D and
bone mineral density. Osteoporosis. Int. 8, 110 ± 114.

Dawson-Hughes B, Harris SS, Krall EA, Dallal GE (1997). Effect of
calcium and vitamin D supplementation on bone density in men and
women 65 years of age or older. N. Engl. J. Med. 337, 670 ± 676.

Hallman N, Hultin H, Visakorpi JK (1964). Riisitaudin ennakkotorjunnasta
(Prophylactic use of vitamin D in Finland, English summary) Duodecim
80, 185 ± 189.

Heikinheimo R, SievaÈnen H, JaÈntti P, MaÈki-Jokela P-L, Rajala S, Vuori I
(1996). Vitamin D treatment and bone mineral density in the aged.
Maturitas. 23 (Suppl.) S77 ± S80.

Hillman L, Cassidy JT, Johnson L, Lee D, Allen SH (1994). Vitamin D
metabolism and bone mineralization in children with juvenile rheuma-
toid arthritis. J. Pediatr. 124, 910 ± 916.

Holick MF (1990). The use and interpretation of assays for vitamin D and
its metabolites J. Nutr. 120 (Suppl), 1464 ± 1469.

Hollis BW (1996). Assessment of vitamin D nutritional and hormonal
status: what to measure and how to do it. Calcif Tissue Int. 58, 4 ± 5.

Johnston CC Jr, Miller JZ, Slemenda CW, Reister TK, Hui S, Christian JC,
Peacock M (1992). Calcium supplementation and increases in bone
mineral density in children. N. Engl. J. Med. 327, 82 ± 87.

Krall EA, Sahyoun N, Tannenbaum S, Dallal GE, Dawson-Hughes B
(1989). Effect of vitamin D intake on seasonal variations in parathyroid
hormone secretion in postmenopausal women. N. Engl. J. Med. 321,
1777 ± 1783.

Kristinsson JOÈ , Valdimarsson OÈ , Sigurdsson G, Franzson L, Olafsson I,
Steingrimdottir L (1998). Serum 25-hydroxyvitamin D levels and bone
mineral density in 16 ± 20 years-old girls: lack of association. J. Intern.
Med. 243, 381 ± 388.

KoÈnig P, Hillman L, Cervantes C, Levine C, Maloney C, Douglass B,
Johnson L, Allen S (1993). Bone metabolism in children with asthma
treated with inhaled beclomethasone dipropionate. J. Pediatrics. 122,
219 ± 226.

Lamberg-Allardt C (1984). Vitamin D intake, sunlight exposure and 25-
hydroxy-vitamin D levels in the elderly during one year. Ann. Nutr.
Metab. 28, 144 ± 150.

Lamberg-Allardt C, Ojaniemi R, Ahola M, RaÈsaÈnen L (1984). The vitamin
D intake of children and adolescents in Finland. Human Nutrition:
Applied Nutrition 38A, 377 ± 382.

Lips P, van Gingel FC, Jongen MJM, Rubertus F, van der Vijgh WJF,
Netelenbos JC (1987). Determinants of vitamin D status in patients with
hip fracture and in elderly control subjects. Am. J. Clin. Nutr. 46,
1005 ± 1010.

Lips P, Graafsmans WC, Ooms ME, Bezemer PD, Bouter LM (1996).
Vitamin D supplementation and fracture incidence in elderly persons.
Ann. Intern. Med. 124, 400 ± 406.

McKenna MJ (1992). Differences in vitamin D status between countries in
young adults and the elderly. Am. J. Med. 93, 69 ± 77.

Moulas A, Challa A, Chaliasos N, Lapatsanis PD (1997). Vitamin D
metabolites (25 hydroxyvitamin D, 24,25-dihydroxyvitamin D and
1,25-dihydroxyvitamin D) and osteocalcin in b-thalassaemia. Acta
Paediatr. 86, 594 ± 599.

Rastas M, SeppaÈnen R, Knuts L-R, Karvetti R-L, Varo P (1993). Nutrient
composition of foods. Publications of the Social Insurance Institution:
Helsinki, Finland.

Salamone LM, Dallal GE, Zantos D, Makrauer F, Dawson-Hughes B
(1993). Contributions of vitamin D intake and seasonal sunlight
exposure to plasma 25-hydroxyvitamin D concentration in elderly
women. Am. J. Clin. Nutr. 58, 80 ± 86.

Samuelson G, Bratteby L-E, Enghardt H, Hedgren M (1996). Food
habits and energy and nutrient intake in Swedish adolescents
approaching the year 2000. Acta. Paediatr. (Suppl) 415,
1 ± 20.

Savolainen K, MaÈenpaÈaÈ PH, Alhava EM, Kettunen K (1980). A seasonal
difference in serum 25-hydroxy vitamin D3 in a Finnish population.
Med. Biol. 58, 49 ± 52.

Thomas MK, Lloyd-Jones DM, Thadhani RI, Shaw AC, Deraska DJ, Kitch
BT, Vamvakas EC, Dick IM, Prince RL, Finkelstein JS (1998).
Hypovitaminosis D in medical inpatients. N. Engl. J. Med. 338,
777 ± 783.

Utiger RD (1998). The need for more vitamin D. N. Engl. J. Med. 338,
828 ± 829.

Webb AR, Holick MF (1988). The role of sunlight in the cutaneous
production of vitamin D3. Annu. Rev. Nutr. 8, 75 ± 99.

Vik T, Try K, Strùmme JH (1980). The vitamin D status of man at 70�
north. Scand. J. Clin. Lab. Invest. 40, 227 ± 232.

VaÈlimaÈki MJ, Tiihonen M, Laitinen K, TaÈhtelaÈ R, KaÈrkkaÈinen M, Lam-
berg-Allardt C, MaÈkelaÈ P, Tunninen R (1994) Bone mineral density
measured by dual-energy x-ray absorptiometry and novel markers of
bone formation and resorption in patients on antiepileptic drugs. J. Bone
Miner. Res. 9, 631 ± 637.

Zeghoud F, Delaveyne R, Rehel P, Chalas J, Garabedian M, Odievre M
(1995). Vitamin D and pubertal maturation. Value and tolerance of
vitamin D supplementation during the winter season. Arch. Pediatr. 2,
221 ± 226.

Hypovitaminosis D and dietary intakes in girls
M Lehtonen-Veromaa et al

751




