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ABSTRACT

Aim: At the extremes of latitude, UVB intensity is insufficient for adequate vitamin D
synthesis in winter. Fatty fish, vitamin D enriched milk, margarine and eggs are main dietary
sources of vitamin D. Their elimination may increase the risk of vitamin D deficiency. The
aim was to assess vitamin D status in food-allergic adolescents eliminating milk, egg and/or
fish compared with adolescents on normal diets.

Methods: In winter, vitamin D intake was assessed by a food frequency questionnaire in
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were determined.
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20 food-allergic adolescents and 42 controls in the population-based Obstructive Lung
Disease In Northern Sweden (OLIN) cohort studies. Vitamin D supplementation was
queried. Serum 25-hydroxyvitamin D [S-25(0OH)D] and S-parathormone (S-PTH) levels

Results: Mean (SD) dietary vitamin D intake was 7.9 (3.6) ug/day in allergic adolescents

and 7.8 (3.4) in controls (p > 0.05). Mean (SD) S-25(0OH)D levels in supplement
consumers were 44 (18) nmol/L compared with 35 (10) in non-consumers (p = 0.03).
S-25(0OH)D and S-PTH levels were similar in food-allergic adolescents and controls

(p > 0.05). Eighty-two percentage had deficient S-25(0OH)D levels <50 nmol/L, and none
reached levels >75 nmol/L.

Conclusion: Vitamin D deficiency was as common in food-allergic adolescents as in
controls although the vitamin D intake met national recommendations. Large-scale studies
on the prevalence of vitamin D deficiency in this region are needed.

INTRODUCTION

Vitamin D is currently a topic of great interest for the public
health sector, not only for the well-known function of
mineralization of skeleton and teeth but also for the
suggested role in extra-skeletal health. Suboptimal vitamin
D status has been proposed in the pathophysiology of
immune disorders (asthma, allergy, diabetes type 1 and
coeliac disease) (1). Over the last decades, the prevalence of
allergic diseases, such as asthma and eczema, has increased
among children and several studies now report an increase
in the prevalence of food allergy (2,3). Recently, we
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reported an increase in allergic sensitization among chil-
dren in northern Sweden even though the increase in
asthma seems to have levelled off (4). Several environmen-
tal factors have been implicated in the allergy epidemic
including life style changes, reduced exposure to microbial
organisms and suboptimal levels of a number of dietary
factors including vitamin D (5). Observational studies have
reported an association between increasing latitude and
proxies of food allergy prevalence such as higher frequen-
cies of food allergy related hospital admissions and

Key notes

e Vitamin D deficiency was as common in food-allergic
adolescents eliminating vitamin D containing foods
(milk, egg and/or fish) as in controls.

o Eight of 10 adolescents living near the Arctic Circle were
vitamin D deficient in winter although the vitamin D
intake met current recommendations.

e The prevalence of vitamin D deficiency in this region,
and its relation to health outcomes need further
investigation into a larger study population.
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epinephrine auto-injector prescriptions in regions with less
sun exposure in the United States and Australia [reviewed
in (6)].

Vitamin D is a modulator of innate and adaptive immune
system functions [reviewed in (1)]. There is an increasing
evidence that the immunomodulatory effect of vitamin D
acts not only through modulation of T-helper cell function,
but also through induction of CD4+ CD25+ regulatory T
cells (Tregs)(7). Tregs play a critical role in the maintenance
of peripheral tolerance, and the active form of vitamin D,
1¢,25(0OH),D3, has been demonstrated to enhance Treg
differentiation (8). Due to these immune-modulating func-
tions, vitamin D deficiency has been suggested to predis-
pose to and aggravate manifestations of allergic disease,
including food allergies.

To define vitamin D status, plasma or serum 25-hydrox-
yvitamin D [S-25(OH)D] are analysed. Optimal levels are
debated but based on measures of bone health, deficiency is
considered at levels <50 nmol/L (9,10). The major source of
vitamin D is dermal biosynthesis catalysed by ultraviolet B
sunlight (11). During winter, northern Sweden has limited
hours of daylight leading to reduced sun exposure.
Consequently, the dietary source of vitamin D is of specific
importance in this region (12,13). Fatty fish, eggs, vitamin D
fortified milk and margarines are the main sources, fore-
most the active form Ds. These important basic foods also
contain common food allergens. Thus, children with food
allergies towards these foods can be at increased risk of
vitamin D deficiency.

Vitamin D intake amongst Swedish adolescents has been
shown to be below recommended intake (14), and a recent
study reported inadequate vitamin D intake in children with
coeliac disease (15). However, there is a paucity of studies
investigating vitamin D status in food-allergic adolescents
eliminating vitamin D containing foods. Therefore, the
main objective of this study was to assess whether vitamin
D intake and status in food-allergic adolescents eliminating
milk, egg and/or fish from their diet differ compared with
controls on a normal diet.

MATERIAL AND METHODS

The paediatric cohort II within the Obstructive Lung
Disease In Northern Sweden studies

Clinical and epidemiological research on asthma and
allergy is performed among children in the OLIN studies
since 1996 (16). This study is based on the second
paediatric cohort within the OLIN studies recruited in
2006 (4). In brief, this paediatric cohort consisted of 2704
participants aged 7-8 years in Lulea, Kiruna and Pitea. Of
these, 2585 (96%) participated in a questionnaire based
primarily on the International Study of Asthma and Aller-
gies in Childhood (ISAAC) questionnaire. Participants from
Kiruna and Lulea were also invited to a skin prick test
(SPT) to common airborne allergens and 1700 (90%)
participated. The cohort was followed up in 2010, including
a new questionnaire, SPT and analysis of specific immuno-
globulin E (IgE) antibodies towards cow’s milk, cod, egg

Persson et al.

and wheat. In the follow-up study in 2010, when partici-
pants were 12-13 years old, 125 (5%) reported hypersen-
sitivity reactions towards one or several of the basic food
items (i.e. milk, egg, fish and wheat) and had eliminated
them from their diet.

Participants

This study was conducted between February 2011 and
March 2011. All participants were recruited from the
paediatric OLIN cohort. All participants were of Cauca-
sian origin and were living in Norrbotten County, latitude
65-67° north. Of 125 participants who reported hyper-
sensitivity reactions towards cow’s milk, egg or fish and
complete avoidance of the offending food or foods, 27
were diagnosed as food allergic (based on clinical history,
analysis of specific IgE to the offending foods and oral
food challenges). Of these, 21 agreed to participate in this
study. A control group of randomly selected 42 adoles-
cents from the same OLIN cohort was included. Partic-
ipants in the control group had no diagnosed food allergy,
no previous hypersensitivity reactions towards any foods,
and were on a normal diet. The study was approved by
the local ethics committee of Umea University, and
written consent was collected before participation in the
study.

Questionnaires

As dietary assessment must cover a relatively long time
period to capture less commonly consumed foods con-
taining vitamin D, a short food frequency questionnaire
was chosen (17). The questionnaire included 17 food
items known to be important food sources of vitamin D
among children and adolescents in Sweden (14). Food
frequency was queried as numbers of servings per day,
week or month. The Swedish Food Database (version
2011-06-21) was used for estimations of vitamin D intake
from foods. A question on the use (brand and dose) of
supplements containing vitamin D was also included. To
assess sunlight exposure, questions on hours spent out-
doors, trips to sunnier locations, use of sunscreen and
protective clothes were included. Hours spent outdoors
were calculated as a mean value per day [(week-days*5 +
weekends*2)/7].

Anthropometric measurements and biochemistry

Weight was measured to nearest 0.1 kg. Height and waist
circumference were measured to nearest 0.5 cm. Body mass
index (BMI, kg/m? and BMI-Z scores were calculated
using the definition by World Health Organization (WHO)
(18).

Anaesthetic cream (EMLA) was applied before venous
blood was drawn. Blood samples were immediately centri-
fuged and kept in a freezer at —20°C until analysis. S-25
(OH)D was analysed according to the most valid method,
high-pressure liquid chromatography-atmospheric pressure
chemical ionization-mass spectrometry (HPLC-APCI-MS)
(Vitas, Oslo, Norway) (19). Serum-parathormone (S-PTH)
was analysed by routine analysis at the Department of

©2013 The Author(s)/Acta Peediatrica ©2013 Foundation Acta Peediatrica



Persson et al.

Clinical Chemistry, Umea University Hospital, the same day
as blood was drawn.

Statistics

This study has 80% power (« = 0.05) to detect a 30%
reduction in the frequency of S-25(OH) D levels >50 nmol/
L in the allergic group (n = 20), assuming that 97.5% of the
participants in the control group (n = 40) attain S-25(OH)
D levels >50 nmol/L. Statistical analyses were performed
using PASW 18.0 (SPSS, Chicago, IL, USA). Descriptive
data are presented as mean (SD), number and frequency
(%) as appropriate. Independent samples ¢-test and Fisher’s
exact test were used to analyse differences between the two
groups. Spearman’s correlation test was used to analyse
associations between S-25(OH)D and S-PTH.

Table 1 Age and anthropometric data in the allergic and control groups

Vitamin D deficiency at the Arctic Circle

RESULTS

Descriptives of the study population

Although 21 allergic adolescents agreed to participate, one
of them was not able to participate fully in the investiga-
tions that were completed during a short time period in
winter (February—March). Therefore, 20 adolescents
remained for analysis in the allergic group. Of these, 6
were diagnosed with cow’s milk protein allergy, 6 with fish
allergy, 3 with egg allergy and 5 with multiple food allergy
(including diagnosed allergy to at least one of the allergens
cow’s milk, fish and or/egg). Descriptive characteristics of
the participants are displayed in Table 1. Allergic boys, but
not girls, were significantly shorter compared with controls,
and the BMI-Z score of allergic boys was below that of
controls (Table 1).

Girls Boys
Allergic (n = 11) Controls (n = 19) p-Value* Allergic (n = 9) Controls (n = 23) p-Value*
Age (yean)' 13.3 (0.6) 13.3 (0.6) 0.980 13.0 (0.6) 13.4 (0.6) 0.106
Weight (kg) 51.8 (8.7) 535 (8.6) 0.490 424 (5.1) 54.4(10.2) 0.001
Height (cm)® 156.6 (5.5) 161 (9.6) 0.079 153.9 (9.3) 166 (2.0) 0.004
Waist circumference (cm)’ 78.2 (9.0) 70.2 (4.8) 0.040 68.4 (4.7) 70.7 (8.7) 0.352
BMIT 21.1 (3.2) 20.9 (3.2) 0.847 17.9 (1.6) 19.4 (3.2) 0.061
BMI-Z scoret 0.68 (1.0) 0.73 (1.1) 0918 ~0.34 (0.72) 0.01 (0.8) 0.268
Height-Z score® —0.96 (0.7) 0.4 (1.1) 0.173 —0.4 (0.9) 1.1 (1.3) 0.003
*Independent samples t-test was used for the assessment of differences between girls and boys in the allergic and control group.
"Mean (SD).
HWHO Child growth standards.
Bold font indicates statistically significant difference.
Table 2 Descriptive and biochemistry data of the study population of allergic adolescents and controls
Variables measured and reported Allergic (n = 20) Controls (n = 42) p-Value*
Serum-25(0H) D (nmol/L) 35 (13) 38 (13) 038
Serum-PTH (mmol/L)* 5.0 (2.3) 4.9 (1.7) 0.77
Dietary vitamin D intake (ug/day)’ 7.9 (3.6) 7.8 (3.4) 0.89
Total vitamin D intake (ug/day)* 9.9 (5.4) 9.1 (7.3) 0.64
Vitamin D intake from the respective food
Milk (ug/day)’ 2.3 (3.6) 3.6 (2.3) 0.05
Fish (ug/day)" 2.2 (3.0) 2.0 (0.7) 0.72
Spreads (ug/day)® 1.3 (0.9) 1.0 (0.9) 0.73
Eggs (ug/day)’ 0.1 (0.2) 0.1 (0.3) 0.61
Cow's milk protein free products (ug/day)’ 1.1 (0.2) 0.0 (0.01) <0.001
Other foods (ug/day)" 0.8 (0.9) 0.7 (0.8) 0.59
Using vitamin D supplements [n (%)] 6 (30) 5(12) 0.15
Reported hours outdoors weekdays" 1.8 (1.0) 1.9 (1.2) 0.51
Reported hours outdoors weekends® 2.6 (1.4) 29 (2.2) 0.81
Travel [n (%)] 5 (25) 15 (36) 0.56
Sunscreen [n (%)] 13 (65) 36 (86) 0.09
Other kind of sun protection [n (%)] 10 (50) 26 (62) 0.42
*Independent samples t-test was used for assessing differences between allergic adolescents and controls.
"Mean (SD).
#Intake from diet and vitamin D containing supplements.
Bold font indicates statistically significant difference.
©2013 The Author(s)/Acta Padiatrica ©2013 Foundation Acta Paediatrica 3
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All adolescents had suboptimal S-25(OH)D levels
Dietary and total vitamin D intakes are displayed in
Table 2. In summary, adolescents in both groups met the
recommended intake (14). Thirty percentage in the allergic
and 11% in the control group consumed vitamin D
containing supplements, in the form of multivitamin or
vitamin D supplements (p > 0.05). In these, mean (SD)
supplemental vitamin D intake was 8.6 (11.5) ug/day. Total
mean (SD) vitamin D intake was 16.3 (11.8) pg/day in
adolescents consuming vitamin D supplements, compared
with 7.8 (3.8) ug/day in non-consumers (p < 0.001). This
was reflected as higher mean (SD) S-25(OH)D levels, 44
(18) nmol/L compared with 35 (10) nmol/L in non-
consumers (p = 0.03). S-25(OH)D levels did not differ
between the allergic and control groups (Table 2). Overall,
82% of all adolescents had levels below the cut-off S-25
(OH)D of 50 nmol/L; 80% of food allergic versus 90% of
controls (p = 0.4). In the whole study population, median
(range) S-25(OH)D concentration was 36 (14-69) nmol/L,
and consequently, none reached levels >75 nmol/L. The
HPLC-APCI-MS method separates D, and Ds, but only
three of 64 samples had D, levels above the limit of
detection (all of them in the allergic group). D, and D3 were
therefore not analysed separately.

Serum-parathormone was measured as a marker of bone
health, and levels did not differ between the two groups
(Table 2). In total, six adolescents (10%) had elevated
S-PTH levels >6.9 mmol/L. Next, we investigated the

O Cortrol
® Allergic

PTH

10 20 30 40 50 B0 70
S-26(0H)D

Figure 1 Serum 25-hydroxyvitamin D [S-25(0H) D] levels were inversely
associated with serum parathyroid hormone (S-PTH) levels (r; —0.390,
p = 0.02) in the whole study population (n = 62). Filled circles represent
allergic adolescents and unfilled circles controls.
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association between S-25(OH)D and S-PTH levels. As
depicted in Figure 1, there was a weak inverse correlation
between S-25(OH)D and S-PTH levels (rs —0.390,
p = 0.02).

DISCUSSION

Our main findings are that vitamin D deficiency appears to
be as common in food-allergic adolescents as in the
general population in this setting. We observed a high
prevalence of vitamin D deficiency in winter in adolescents
living near the Arctic Circle, latitude 65-67° north. In total,
82% of the participating adolescents were vitamin D
deficient, defined as S-25 (OH) <50 nmol/L, despite an
adequate vitamin D intake according to current national
recommendations.

Although we expected vitamin D intake to be lower in
allergic adolescents eliminating milk, egg and/or fish, this
could not be confirmed. Consequently, our hypothesis that
food-allergic adolescents on elimination diets would be at
increased risk of vitamin D deficiency was not supported as
similar deficient S-25(OH)D levels were observed in the
control group. The prevalence of vitamin D deficiency in
the present study is higher than previously reported. In
Boston, USA, 42% of healthy adolescents had 25(OH)D
levels <50 nmol/L (20). In Calgary, Canada, 37% of healthy
children and adolescents had levels below <75 nmol/L
(21). In the European Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA) study, 80% had 25
(OH)D levels <75 nmol/L (22). For comparison, none of
the participants in the present study attained 25(OH)D
levels >75 nmol/L. Less sun hours in northern Sweden
plausibly contribute to the higher frequency of vitamin D
deficiency in the present study.

Mean (SD) vitamin D intake was 7.9 (3.6) and 7.8
(3.4) pg/d in the allergic and control group, respectively,
which meets the current recommended dietary intake in
Sweden; 7.5 pg/day for adults and children over 2 years of
age (23). Overall, the major source of dietary vitamin D was
primarily dairy products and fish, but for some allergic
adolescents, it was cow’s milk protein free products fortified
with vitamin D. Many of these products are fortified with
D, and not Ds. D, is not as bioactive as D5, and this
discrepancy is important to keep in mind when evaluating
the vitamin D intake (24). The use of vitamin D containing
supplements was more frequent in the allergic (30%)
compared with the control group (12%), although the
difference was not statistically significant (p > 0.05). How-
ever, this might have levelled a potential difference in
vitamin D status between the two groups. In Canada and
the United States, the national recommendation on vitamin
D intake was changed in 2010 to 15 ug/day for adults and
children >1 year old (9). Still, there is debate if the
recommendations should have been even further increased
(25). In Finland, the recommended intakes and recommen-
dations for fortification have been revised with vitamin D
fortification in all liquid dairy products and margarines.
Only margarine and liquid dairy products with a fat content
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< 1.5% are fortified in Sweden. Finland also has twice the
amount of vitamin D in their fortified foods; 1.0 mg/100 g
versus 0.45 mg/100 g in Sweden (26). However, our results
suggest that current national recommendations on vitamin
D intake do not meet the requirements, at least not in the
studied area.

As expected (27), there was a negative correlation
between S-25(OH)D and S-PTH. Six adolescents (10%)
had elevated PTH levels. Bone mineral density (BMD) was
not investigated in the present study. However, in a
previous study, adolescent girls with higher 25(OH)D
(>74.1 nmol/L) had significantly greater forearm BMD
and lower S-PTH levels compared with adolescents girls
with lower 25(OH)D (<46.3 nmol/L) as well as moderate
(46.4-74.0 nmol/L) 25(OH)D levels (28). As several stud-
ies, including the present study, suggest that vitamin D
deficiency is common in children and adolescents (22,28-
30), further studies are needed to evaluate the possible
health consequences. Even though vitamin D deficiency has
been implicated in non-bone disease, including allergic
disease (1), a casual role has not been clearly demonstrated.

In conclusion, vitamin D deficiency appears to be as
common in food-allergic adolescents as in the general
population in this setting. The majority of the participating
adolescents (82%) living near the Arctic Circle, latitude 65—
67° north, were vitamin D deficient in winter despite a
dietary vitamin D intake meeting current national recom-
mendations. This calls for large-scale studies on the prev-
alence of vitamin D deficiency in this region and its possible
relation to health outcomes.
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