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ABSTRACT

Objective. To assess changes in plasma 25-hydroxy vitamin D
(25(OH)D) concentrations after ingestion of «Maglje», a traditional
north Norwegian fish dish rich in vitamin D.

Methods. Thirty-three volunteers all living in the city of Tromse, lo-
cated in northern Norway (latitude 69°), were served a “Molje meal
consisting of cod, hard roe, cod liver, and fresh cod-liver oil. The amounts
of liver, and cod-liver oil consumed were weighed and recorded. Blood
samples were collected before the meal, and at 4 hours, 12 hours and 5
days after it. The cod liver and cod-liver oil were analysed for vitamin D
content and the plasma samples for the metabolite 25(OH)D. Trends in
plasma 25(OH)D levels during the five-day observation period were
analysed. The study was conducted at the beginning of April of 2000.
Results. Among the 33 participating subjects, 69.7% had baseline
plasma 25(OH)D concentrations below 50 nmol/l and for one-quar-
ter of the subjects, they were < 37.5 nmol/l. The participants who
acknowledged taking cod-liver oil supplements had significantly higher
baseline 25(OH)D plasma levels at the outset of the study compared
to those reporting not doing so (p=0.02). Changes in plasma 25(OH)D
levels relative to baseline concentrations were significantly associated
with the body mass index (p<0.01).

Conclusion. Vitamin D status in populations living in circumpolar ar-
eas needs more research to investigate to what degree people living in
the Arctic areas are at increased risk for vitamin D insufficiency and to

determine the role of the traditional diet in preventing such deficiency.

Keywords. 25-hydroxy vitamin D; cod liver; cod-liver oil; traditional

diet; arctic diet
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INTRODUCTION

Vitamin D is essential for normal calcium and bone metabolism in
humans (1) and is synthesized in the skin on exposure to sunlight
(2). Ultra-violet B (UVB) radiation, with wavelengths between 280-
320 nm, is needed for cutaneous vitamin D synthesis (2). Studies
have shown that seasonal changes in the UVB radiation is responsi-
ble for the absence of cutaneous vitamin D production during win-
ter and, not surprisingly, the length of the “vitamin D winter” in-
creases with increased latitude (3,4).

Diet is the other source of vitamin D. Vitamin D is found in only
a limited number of foods, such as fat fish, cod-liver oil, eggs, mush-
rooms, fortified milk, margarine, and butter.

In the population in north Norway, the impact of dietary vitamin
D on vitamin D status is of importance, since, at this latitude (Tromso
city 69°N), no cutaneous vitamin D synthesis is likely to occur dur-
ing a considerable part of the year.

The north Norwegian fish dish “Mglje”, consisting of cod, cod liver,
hard roe and fresh cod-liver oil, has traditionally been an important
part of the diet during the winter season among people living in the
northern coastal areas of Norway. Cod liver and cod-liver oil are rich
in vitamin D. According to the Norwegian Food Composition Table,
100 g of cod liver and 100 g of cod-liver oil contain 125 ug (5000 IU)
and 261ug (8640 IU) vitamin D respectively. Cod muscle tissue con-
tains only small amounts of vitamin D (1.5 ug/100 g ). A dietary
survey from northern Norway in 1931 did show that cod liver and
fresh cod-liver oil were the most important vitamin D sources (5).
According to that study, considerable amounts of both liver and oil
were consumed and constituted one of the main fat sources. Today,
the contribution of “Malje” to the daily north Norwegian diet is not
as pronounced as it was some time ago, but unpublished data from
the nation-wide NOWAC-study (Norwegian Women and Cancer
Study) (6) have shown that there are still areas where “Melje” is con-
sumed frequently.

The 25-hydroxy vitamin D (25(OH)D) concentration in blood
has been considered the most valuable metabolite for determining
the overall vitamin D status of an individual (1). A 25(OH)D con-
centration < 37.5 nmol/l in blood has been used as an indicator of
moderate hypovitaminosis D (7,8), while a 25(OH)D concentration
=50 nmol/l has been considered as the recommended level (9,10).In
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the present study, changes in plasma 25(OH)D were monitored after
a single meal comprising cod, liver, and hard roe, corresponding to
the traditional north Norwegian fish dish, “Molje”

MATERIAL AND METHODS

Study sample

Study subjects were recruited mainly from the Institute of Commu-
nity Medicine, University of Tromse. Thirty-three volunteers, 13 men
and 20 women aged from 28 to 65 (average of 42), agreed to partici-
pate in the study. This project was approved by the Regional Com-
mittee for Research Ethics, and all subjects signed a consent form.

Study design and data collection

The participants were served the traditional north Norwegian fish
dish “Melje” with potatoes. The meal was prepared in the traditional
way as follows: both the cod and the hard roe were boiled separately
in water, while the liver was boiled in small amounts of water. The oil
derived from this constituted the fresh cod-liver oil. Participants could
eat as much as he, or she, wanted, but the amounts of liver and cod-
liver oil consumed by each participant were weighed and recorded
(Table III).

The study was carried out at the beginning of April of 2000. Its
design and blood sample collection schedule are illustrated in Figure
1. The meal was served between 6 and 7 p.m. on day 1. Blood samples
were collected just before the meal, and after 4 hours, 12 hours and 5
days. The ‘12-hour’ and ‘5-day’ samples were taken in the morning,
before breakfast, while the ‘0-”and ‘4-hour’ blood samples were taken

A
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Figure I. Study design and blood sampling schedule.
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in the evening. The blood samples were collected employing EDTA-
containing vacutainer tubes (BD Vacutainer Systems, Preanalytical
Solutions Belliver Industrial Estate, Plymouth, UK).

Participants were asked to maintain their ordinary diet during the
study period, but were instructed not to have any meals between lunch
and the cod dish served on day 1. Body weight was measured on day 5.

To estimate the participants’ usual daily vitamin D intake, all par-
ticipants answered a semi-quantitative food-frequency questionnaire.
The questionnaire explored the intake of fish and fish products rich
in vitamin D, including questions on seasonal variations of consump-
tion for each fish variety. Use of vitamin D-fortified foods, such as
margarine, butter and milk were also addressed, as well as the con-
sumption of cod-liver oil supplements, including seasonal variations
and the use of other fish oil capsules and vitamin supplements. Usual
daily vitamin D intake was computed using the vitamin figures from
nutrient values reported in the Norwegian Food Composition Table
(11), the specified content of supplements taken, and our food analysis
of liver and fresh cod-liver oil as described below. The questionnaire
also contained questions on the gender, age, height and weight of the
respondents.

Food sample analyses

Samples from the served liver and fresh cod-liver oil were analysed
for vitamin D, according to the method described by Horvli and Lie
(12). In short, vitamin D was extracted using 96 % ethanol/ 60 %
KOH, containing pyrogallol, ascorbic acid and an internal standard
(vitamin D,). Heating to 70°C for 20 minutes saponified the sample.
After addition of water, the sample was extracted twice with hexane
using a whirl-mixer and centrifuge. The combined hexane phases
were extracted with water, and iso-propanol was added before evapo-
ration. The sample was further cleaned up usinga HPLC system con-
sisting of a Spectra Physics P1000 isocratic pump, a Shimadzu SPD
6AV UV-detector, a Shimadzu C-3A integrator, fitted with a Brownlee
silica column (25 cm x 4.6 mm, 5 wm). For the analytical step, a C,
column (25 cm x 4.6 mm, 5 wm Supelco Inc., Bellefonte, USA) was
used.

For the preparative clean-up step, tetrahydrofurane : n-hexane (in
the ratio 12.5:87.5 v/v) was used as the mobile phase. For the analyti-
cal step, chloroform : methanol : acetonitrile (6:12:82 v/v) was em-
ployed as eluent and the sample was dissolved in methanol. The flow
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rates were 1 ml/min for both columns. Vitamin D, (internal stand-
ard) and D, were detected on-line by the UV-detector at 265 nm.
The food analysis was performed by the Directorate of Fisheries, In-
stitute of Nutrition, Bergen, Norway.

The vitamin D intake from the “Mglje” meal was estimated based
on the vitamin D content of the liver and the fresh cod-liver oil served,
since the rest of the food items consumed (cod, potatoes and hard
roe) contain little, or no, vitamin D.

Plasma levels of 25(OH)D

The blood samples were analysed for 25(OH)D. Blood plasma was
collected and stored at -80°C until analysis, which was performed by
amodified version of the method described by Aksnes (13,14). Briefly,
0.1 ml plasma samples were mixed with 1.4 ml 0.15 M NacCl. To esti-
mate the 25(OH)D recovery, ['H]25(OH)D, (1500 DPM) in 50 ul
ethanol was added. The plasma dilutions were mixed with 2 ml ac-
etonitrile, vortexed and centrifuged at 1,000 x g for 10 min to remove
proteins. The supernatants were collected, 3.5 ml 0.1 M K HPO, (pH
10.5) were added, and the mixture was applied to C-18-OH vacuum
columns (Varian, USA). The columns were washed with 5 ml dis-
tilled H, O, followed by a second wash with 5 ml methanol: H,0 (70:30,
v/v), after which the 25 (OH)D, fractions were eluted with
hexane:isopropanol (95:5, v/v), and evaporated with nitrogen gas.
The samples were dissolved in 250 ul hexane: isopropanol: ethanol
(95:2.5:2.5, v/v) and separated on a Supelcosil silica column (15 cm x
4.6 mm, 3 um; Supelco Inc, Bellefonte, USA) by HPLC. The fractions
containing 25(OH)D were evaporated with nitrogen gas and dissolved
in 400 ul ethanol. 25(OH)D was quantified by a radio-receptor assay
(RRA) using human vitamin D-binding protein from blood plasma
as the binding protein. The inter-assay coefficient of variation in this
method was 8.5 % (estimated based on ten measurements of the same
blood sample on ten different days).

Statistical Analyses

Statistical analyses and nutrient calculations were performed employ-
ing the SAS software package, version 6.12 (SAS Institute, 1996). To
assess the relation between the daily vitamin D intake estimated from
the questionnaire data and 25(OH)D levels in blood, the Pearson’s
correlation coefficient was calculated. When comparing both plasma
25(OH)D mean values and mean plasma 25(OH)D changes at 5 days
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as a function of age, body mass index (BMI = weight/height?), gen-
der and supplement use, the Student t-test was used. The Mann-
Whitney test was used for analysing differences in vitamin D con-
sumed trough the “Molje” meal by these characteristics. Changes in
plasma 25(OH)D levels over time were assessed by ANOVA with re-
peated measurement design. When considering the amounts con-
sumed as predictors for the post-meal 25(OH)D levels (difference
between baseline and 5-day levels), a multivariate regression model
was used.

RESULTS

Some characteristics of the participating subjects are shown in Table
I. The mean daily vitamin D intake for the whole group, as estimated
from the questionnaire, was 7.9 ug/day (95% C.L; 5.8, 10.0), when
vitamin D contributions from supplements other than cod-liver oil
supplements were excluded. Six out of the 10 subjects who reported
using a cod-liver oil supplement more than twice per week, did so in
addition to other vitamin supplements. The mean value at baseline
for plasma 25(OH)D was 51.2 nmol/l (§D=24.0). Among the par-
ticipating subjects, 69.7% had baseline plasma 25(OH)D concentra-
tions below the recommended level of 50 nmol/l. One-quarter of the
subjects had levels below 37.5 nmol/l, which has been set as a limit
for moderate hypovitaminosis D.

The distribution of the plasma 25(OH)D levels at baseline is shown
in Figure 2. The correlation between estimated daily vitamin D in-
take, based on the questionnaire and 25(OH)D levels in blood, was
r=0.38 (p=0.03). The participants who reported taking a cod-liver
oil supplement more than twice per week had significantly higher

Table I. Characteristics of the study sample (n=33).
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Characteristics Mean or % SD Range
Mean age 42 8.0 28-65
BMI: 242 29 19.5-29.4
Usual vitamin D intake (ug/day) (supplements

other than cod-liver oil excluded) 79 5.9 1.3-27.0
Usual vitamin D intake (ug/day)

(supplements included) 8.8 6.3 1.3-27.0
Sex, % women 60.6

Proportion of subjects reporting taking cod liver

oil supplement twice per week or more (%) 30.3

* (weight / height?)
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Figure 2. The distribution of 25(OH)D at baseline.

25(OH)D plasma levels at baseline compared to those reporting not

using, or taking cod-liver oil twice per week or less (p=0.02), with
mean values of 66.3 nmol/l (SD=25.7) and 44.7 nmol/l (SD=20.4),
respectively. None of the subjects reporting not using, or consum-

Table Il. Vitamin consumed through the “Mglje-meal” and plasma 25(OH)D levels by different characteristics.

Characteristic Baseline % below Mean vitamin D consumed Mean plasma 25(OH)D
25(0OH)D? 50 nmol/l (mg) through the change at 5-days (SD)*
Mean (SD) “Molje-meal™
e
<42 (n=15) 475 (23.5) 80 59.6 (35.5) -0.1 (5.0)
=42 (n=18) 544 (24.6) 6l 84.7 (63.9) 1.3 (72)
n.s n.s n.s
BMI
<25 (n=23) 50.7 (24.8) 74 725 (58.2) 2.4 (5.9)
=25 (n=10) 524 (23.3) 60 75.1 (44.2) -3.3 (54)
n.s ns p=0.02
Gender
Men (n=13) 57.1 (29.6) 45 67.9 (40.9) -0.8 (6.6)
Women (n=20) 474 (194) 75 76.8 (61.3) 1.6 (5.9)
ns n.s ns
Supplements
Yes (n=10) 66.3 (25.7) 40 100.4 (75.0) 1.8 (6.3)
No (n=23) 44.7 (20.4) 83 61.5(37.5) 0.1 (6.3)
p=0.02 n.s n.s

Student t-test ® Man-Whitney test
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Table lll. Mean intake of liver, fresh cod-liver oil, and vitamin D calculated from the served “Mglje-meal”.

Vit D content/100 g

Weight (g) SD Range (g) Vit D,(ug) SD Range (ug) boiled food item (ug)
Liver 113.6 50.5 33-281 50.0 22.2 14.5-123.6 44
Fresh cod-liver oil 20.8 316 0-152 233 354 0-170.2 122

ing, cod-liver oil twice per week or less, were taking other vitamin
supplements more than twice per week. Baseline 25(OH)D plasma
levels increased with supplement use, while gender, BMI and age had
no significant effect (Table II). The mean plasma 25(OH)D change
at 5 days was significantly different between BMI groups (p=0.02).
Supplement users seemed to consume more vitamin D through the
“Molje” meal compared to the non-supplements users, but this dif-
ference was not significant.

The vitamin D content per 100 g cooked food item was nearly
three times higher for cod-liver oil than for the liver (Table III). The
amount consumed in the served meal of both liver and cod-liver oil
varied considerably among the subjects, ranging from 33 to 281 g
and from 0 to 152 g for the liver and the cod-liver oil, respectively.
The calculated mean total vitamin D intake from the served “Mglje”

meal was 73.3 ug, ranging from 14.5 to 293.8 ug.

6.0 Baseline [25(0H)D] <=37.5, n=8

Baseline [25(0H)D] >37.5, n=25

-3.0 P=0.04

BMI<25, n=23

25

0.0

BMi>=25, n=10

Change in plasma 25(OH)D nmol/l

6.0 P=0.01
4 hours 12 hours 5 days

Time since baseline

Figure 3. Relative change from baseline in 25(OH)D by BMI group or 25(OH)D baseline levels after consumption of a

“Mplje” meal.
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The mean plasma 25(OH)D levels after consumption of “Molje” were
51.2 nmol/l (SD=23.2), 49.5 nmol/l (§D=23.5), and 52.2 nmol/l
(SD=24.0) after 4 hours, 12 hours and 5 days, respectively. Ingested
vitamin D from the meal did not predict variation in plasma 25(OH)D
over time (p=0.86). When the response variable was alteration in
plasma levels of 25(OH)D relative to baseline levels, and baseline
concentrations was re-coded into a dichotomous variable
([25(0OH)D]< 37.5nmol/land [25(OH)D] = 37.5 nmol/l), the plasma
level change was significantly different between the two groups
(p=0.02). As shown in Figure 3, the group with moderate deficiency
had, on average, an increase, while subjects with 25(OH)D concen-
trations above 37.5 nmol/l showed a decrease. Furthermore, change
in plasma level relative to baseline was significantly associated with
BMI (p<0.01) (Figure 3). Subjects with a BMI < 25 kg/m?* showed a
mean increase in 25(OH)D levels at 4 hours and 5 days; by contrast,
subjects with BMI = 25 kg/m?® exhibited mean decreases at 4 hours,
12 hours and 5 days. The observed difference in plasma 25(OH)D
change between the two BMI groups did not depend on time (i.e.,
non-significant interaction term for BMI group and time). The
amount consumed did not predict the post-meal levels in plasma
25(OH)D (calculated as the difference between the 5-day and base-
line levels) when adjusting for 25(OH)D baseline levels (low vs. high)
and BMI in the multivariate regression model (p=0.17).

DISCUSSION

The main finding in this study was a high prevalence of 25(OH)D
levels in blood below recommended levels, especially among those
not taking supplements. Further, the BMI and baseline plasma
25(OH) D concentrations determined the change in mean 25(OH)D
levels in the blood after consumption of a single fish meal with cod
liver and cod-liver oil as major components.

The vitamin D concentrations found in the present study were
low for the majority of the participants and, thus, contradict the an-
ecdotal assumption that vitamin D status in north Norway is satis-
factory (5). Since sunshine exposure has been considered to be the
main source of vitamin D, its status is known to drop during winter
and improve during summer months (16-19). Lehtonen-Veromaa et
al (7) found a prevalence of 25(OH)D levels < 37.5 nmol/L in excess
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of sixty percent during winter, which reduced to less than two per-
cent during the summer among 15-year-old Finnish girls in Turku,
Southwest Finland. Vitamin D production in skin has been associ-
ated not only with the season, but also with latitude (2). Webb et al
(3) found that, in Boston, USA (42°N), vitamin D production was
curtailed from November to February, while in Edmonton, Canada
(52°N), the photosynthesis of vitamin D ceased in October and did
not occur again until April. This seasonal-latitude dependency of vi-
tamin D production in the skin suggests that, in Tromsg, which is
located at 69° north, the sun’s role as a vitamin D source is limited to
a few months of the year. Our study was carried out during the last
part of the “vitamin D winter” (April). Thus, one would expect to
observe the lowest vitamin D levels at this time of the year and our
findings would, therefore, not necessarily constitute a valid measure
of the yearly mean value. However, UVB radiation levels are also af-
fected by the weather, and there is most likely a great variation in the
contribution of the north Norwegian summers to vitamin D pro-
duction from one year to another. The assumption that vitamin D
status in north Norway is adequate, due to sufficient dietary intake
and sufficient light during the summer months, is primarily based
on one study conducted by Vik et al (15) in 1977/1978. In the latter
study, blood samples were collected every two months throughout a
year from seventeen laboratory workers at the University Hospital of
Tromse. The blood samples were analysed for 25(OH)D content and
for several other characteristics as well. Subjects taking supplements
were not included. The mean values for 25(OH)D for March (no
data for April) found by Vik et al (15) did not differ significantly
from those found in our study, when excluding the individuals re-
porting the use of supplements (mean=51.5 nmol/l, SD=19.5 v.s.
mean=44.7,5D=20.4, p=0.30 ). However, Vieth and Carter (20) have
warned against presenting only mean = S.D. values when assessing
changes in 25(OH)D levels. They suggested a statistic that highlights
the prevalence of insufficiency. About 50 % of the participants in Vik
and colleagues’ study had values below 50 nmol/l. Based on their dis-
tribution pattern of serum 25(OH)D, it is estimated that nearly 40 %
of the subjects had values below 37.5 nmol/], with two subjects hav-
ing values less than 20 nmol/l; the latter concentration defines severe
hypovitaminosis D (8). The Vik et al (15) survey is commonly re-
ferred to, despite this high prevalence of insufficient vitamin D sta-
tus and the small sample size. It has been used as an argument for the
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of an adequate vitamin D status in the northern Norwegian popula-
tion. Their conclusion might have contributed to a neglect of poten-
tial nutritional and related health problems. To our knowledge, there
has been no randomised population-based survey on 25(OH)D lev-
els in north Norway. Although the participants in the present study
constituted a select group (mainly academics), the results, when con-
sidered along with the data from the study by Vik and colleagues,
suggest that the population in the North is at increased risk of vita-
min D deficiency, especially during winter.

We found significantly higher levels of 25(OH)D in subjects using
supplements compared to non-supplement users. The association
between the use of supplements and the 25(OH)D blood concentra-
tion has been reported in several studies (8,21). Cod-liver oil was the
most frequently used supplement. The use of cod-liver oil in Norway
has been estimated to be 36.8 % and 33.9% for men and women,
respectively (22). These numbers are in agreement with the present
study, as 10 out of 33 participants used cod-liver oil supplements
more than twice per week.

The correlation between the estimated daily vitamin D intake and
25(OH)D blood concentrations has been shown to be significant
among subjects with low sun exposure (23,24). In our study, no such
data was collected. However, the significant correlation between esti-
mated daily intake and 25(OH)D blood concentrations supports the
hypothesis that diet is the main contributor to vitamin D levels among
people living at northern latitudes during winter. Our work empha-
sises the necessity of a sufficient dietary intake of vitamin D in
circumpolar areas.

We found the change in 25(OH)D levels after ingestion of the
“Molje” meal to be associated with the BMI. An inverse association
between the BMI and 25(OH)D in blood has been reported in other
studies (16,25-27). Obesity has been considered to be an independ-
ent predictor of vitamin D deficiency (28). The reason for an increased
risk of vitamin D deficiency in obese individuals remains unknown.
However, it has been postulated by Bell ef al (29) that obesity modi-
fies the vitamin D endocrine pathways; this is attributed to a feed-
back inhibition by increased serum levels of the active metabolite
1,25(0OH),D produced during the hepatic synthesis of 25(OH)D. It
has also been suggested that the metabolic clearance of vitamin D
may increase in obesity, possibly through an enhanced uptake by
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adipose tissue (30) related to the larger fat mass and the consequently
larger pool size in obese individuals (16). In our study, the only vita-
min D metabolite measured was 25(OH)D. Thus, a reduction in
25(OH)D caused by an increase in active vitamin D could not be
assessed. However, the results from our work indicate that the BMI
predicts the metabolic response to a meal rich in vitamin D.

The ingested dose of vitamin D from one “Mglje” meal was not
sufficient to raise the 25(OH)D level for the group. The stability of
the mean 25(OH)D concentrations could also be due to the low base-
line 25(OH)D values. The 25(OH)D metabolite has been considered
a marker of medium-to-long-term vitamin D availability. Bates et al
(31) have suggested that when vitamin D supplements are given to
individuals with vitamin D deficiency, 1,25(OH) ,D will rise rapidly
to normal values, whereas 25(OH)D will remain low until a reserve
accumulates. This was, however, not supported by our data showing
that individuals with moderate vitamin D deficiency at baseline ex-
hibited a relative increase in plasma 25(OH)D. This must be inter-
preted with caution, as this analysis is based on a small number of
subjects (n=8). Wortsman et al (27) found that, after ingestion of
1.25 mg vitamin D, 25(OH)D rose rapidly until approximately 10
hours after intake, declining slightly thereafter. According to this, one
would expect the blood collected after 12 hours to have levels closer
to the peak level. However, in our study, the mean 25(OH)D levels
measured at 12 hours were the lowest for both normal and overweight
subjects. The mean ingested dose of vitamin D from the “Meglje” meal
was less than six percent of the dose in the study by Wortsman et al
(27), which suggests that one “Molje” meal was not sufficient to gen-
erate a peak level of plasma 25(OH)D for the group.

In conclusion, one meal was not sufficient to change the overall
vitamin D status of the study group, but repeated meals over time
may be anticipated to have a beneficial effect. However, modest ben-
eficial effects were noted for those with low baseline levels and for
leaner individuals. The vitamin D status and related health outcomes
in populations living in circumpolar areas require more research to
investigate to what degree people are at increased risk for vitamin D
insufficiency during the winter, and to elucidate further the role of
the traditional diet in preventing deficiency. Emphasis should also
be on the intensity of different wavelengths within the UVB spectra
at high latitudes and its impact on vitamin D status.
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