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ABBREVIATIONS 

25OHD  25-hydroxy vitamin D 

1,25OH2D 1,25-dihydroxy vitamin D  

 

ABSTRACT  

Aim: Vitamin D may be involved in allergy development, but there is conflicting evidence. 

We investigated if dietary intake of vitamin D and levels of 25OHD in serum differed 

between allergic and non-allergic adolescents and if serum 25OHD correlated with dietary 

intake of vitamin D or season of blood sampling.  

Methods: Serum 25-hydroxy vitamin D (25OHD) levels were analysed in 13-year-old 

subjects with atopic eczema (n=55), respiratory allergy (n=55) or no allergy (n=55). Intake of 

fat-containing foods was assessed by food frequency questionnaires and total daily vitamin D 

intake was calculated. Logistic regression was used to adjust for gender, parental allergy and 

time of blood sampling.  

Results: Subjects with atopic eczema or respiratory allergy did not differ from non-allergic 

controls regarding serum 25OHD levels or calculated vitamin D intake. Subjects sampled in 

the autumn had significantly higher levels of serum 25OHD than subjects sampled in the 

winter or spring. Serum 25OHD levels correlated to consumption of vitamin D fortified lean 

milk (p=0.001).  

Conclusion: The findings suggest no association between allergy and 25OHD levels in serum 

or vitamin D intake in adolescents. Serum 25OHD levels correlated to intake of vitamin D 

fortified lean milk.  

 

Key words: Allergy, atopic eczema, asthma, 25-hydroxy vitamin D, vitamin D
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KEY NOTES 

• There is conflicting evidence about whether vitamin D is involved in allergy 

development.  

• This study analysed serum 25-hydroxy vitamin D (25OHD) levels in 13-year-old 

subjects with atopic eczema (n=55), respiratory allergy (n=55) or no allergy (n=55). 

• We found that serum 25OHD levels were not related to allergy diagnosis in 

adolescents, but they were associated with consumption of vitamin D fortified lean 

milk and to season of blood sampling.   

 

INTRODUCTION  

The major circulating form of vitamin D in serum, 25-hydroxyvitamin D (25OHD), is formed 

enzymatically in the body from vitamin D. The active form of vitamin D, 1,25-

dihydroxyvitamin D (1,25OH2D), has immunoregulatory effects and two contradictory 

hypotheses have emerged regarding the association between allergy and vitamin D. The first 

one proposes that vitamin D is responsible for the rise in allergies (1). This theory was based 

on a concomitant increase in the habit of supplementing food products, for example dried 

milk with vitamin D to prevent rickets, and a rise in allergies. Accordingly, epidemiological 

studies have found higher serum levels of 25OHD in individuals with atopic rhinitis (2, 3) and 

eczema (4). Further, in vitro studies have shown that high 1,25OH2D levels reduce the 

secretion of typical Th1-type cytokines, such as IL-12 and IFN-γ (5) from T cells, while 

increasing secretion of cytokines of the Th2-type, such as IL-4 and IL-13 (6). 

 

According to the opposing theory, insufficient levels of vitamin D increase the risk of allergy 

(7). This theory was later supported by studies linking low serum 25OHD levels with asthma 

(8-10) and atopic dermatitis (11, 12).  Keratinocytes express the enzyme 25OHD 1α-
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hydroxylase that converts 25OHD to 1,25OH2D, which has been shown to enhance 

keratinocyte differentiation (13). Also, Vitamin D reduces epidermal permeability (12). 

Randomised control trials have evaluated the effect of supplementation with vitamin D on the 

severity of atopic dermatitis and all found a reduced severity of the disease in the 

supplemented group compared to placebo (14, 15). Regarding the mechanism for protection 

against asthma, vitamin D may decrease airway remodelling, Thus, the increased proliferation 

of airway smooth muscle cells exposed to serum from asthmatic patients, or to platelet-

derived growth factor, is inhibited by 1,25OH2D (16, 17). However, a recent randomised 

controlled trial failed to show an effect on airway hyper reactivity in asthmatic subjects of 

supplementation with vitamin D (18).  

 

Vitamin D can be obtained from food, especially fatty fish, but also meat and eggs. 

Margarines and lean milk are fortified with vitamin D and constitute an important dietary 

source of vitamin D. However, the main source of vitamin D is sunlight, vitamin D being 

produced in the skin after UV-light exposure. In Sweden where sunlight is scarce in the dark 

season, vitamin D supplements (10 µg/day) are recommended for children up to two-years-of-

age. Teenagers living in northern Scandinavia have higher serum levels of vitamin D during 

the sunny summer months and lower levels in the winter and spring (19).  

 

The aim of this study was to investigate if levels of 25OHD in serum, intake of vitamin D 

containing food items and calculated total vitamin D intake differed between allergic and non-

allergic adolescents living in northern Sweden, which has a Latitude of 63°. Individuals with 

atopic eczema or respiratory allergy, as well as non-allergic individuals, were selected from a 

birth cohort. Secondly we wished to examine whether serum 25OHD levels correlated with 

intake of vitamin D or to season of blood sampling.  
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METHODS 

Study subjects 

Cases and controls were selected from a birth cohort consisting of all 1,228 children born 

during one year between February 1996 and January 1997 in the County of Jämtland in 

Northern Sweden, Latitude 63°. The cohort was designed to assess the development of allergy 

and the children were followed with skin prick tests to measure sensitisation to common food 

and airborne allergens at one-year-of-age and four-years-of-age and questionnaires regarding 

allergic symptoms at one, four and seven-years-of-age. Socioeconomic, housing and lifestyle 

factors were recorded by questionnaires.  

 

Allergy diagnosis at 13-years-of-age and sensitisation test 

As previously described (20), all adolescents still living in the region (n=841) were invited to 

fill out a questionnaire regarding allergy symptoms, and other environmental factors known to 

influence allergy, and take part in skin prick tests at 13-years-of-age (Figure 1).  

 

Based on the questionnaires and sensitisation tests at 13-years-of-age, we selected subjects 

representing three diagnostic groups including atopic eczema, respiratory allergy and no 

allergy. Atopic eczema without any other allergic disease manifestations was defined as a 

pruritic, chronic or chronically relapsing non-infectious dermatitis with typical features and 

distribution, fulfilling three of the main criteria suggested by Hanifin and Rajka (21). 

Respiratory allergy, but no atopic manifestations from other organs was defined as a positive 

skin prick test to an inhalant allergen, in combination with two or more of the following 

criteria:  wheeze in the past year, doctor’s diagnosed asthma, asthma inhalation treatment or a 

positive answer to the question: “Have you had any signs of pollen allergy or allergy to furry 

pets during the last 12 months?”. No allergy was defined as having neither allergic symptoms, 
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nor any positive reaction in the skin prick test at this time or in any of the previous follow-

ups.  

 

Collection of serum 

We drew 10 ml venous blood, allowed it to clot and centrifuged it. Serum was then separated, 

aliquoted, frozen within three hours and stored for a maximum of five years at -80 ºC until 

analysed. An overview of the blood sampling is shown in Figure 1.  

 

The season of blood sampling was considered when selecting subjects with or without allergy. 

We aimed to achieve similar numbers of subjects with blood samples in the autumn and in the 

winter and spring in the three groups: atopic eczema, respiratory allergy and no allergy, 

(Figure 1). Selected subjects were compared with all subjects in the group from which they 

were selected (Table 1). For the non-allergic group, having a dog in the family during the first 

year of life was significantly less common in the included subjects (16 %) than in the 

excluded subjects (30 %). No other differences were found between the selected and non-

selected subjects (Table 1).    

 

Analysis of 25-hydroxy vitamin D in serum 

The concentration of serum 25OHD3 was measured using liquid chromatography combined 

with mass spectrometry. Samples were prepared for the analysis according to Turpeinen et al 

(22) with some modifications. Serum (200 µl) was mixed in glass tubes with 150 µl 

methanol:iso-propanol (80:20), containing10 ng internal standard (26, 26, 26, 27, 27, 27-D6-

25-OH Vitamin D3, Cerilliant, Round Rock, TX, USA). Samples were then vortex mixed for 

one minute and left to rest for 20 minutes. After extraction with 2x2 ml hexane, organic 

phases were combined, evaporated under nitrogen flow at 30°C and dissolved into 100 µl of 
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methanol. After five minutes, samples were vortexed gently and transferred into vials. A 

control serum sample was extracted and analysed in every run. Study samples and control 

samples were prepared and analysed in duplicates. 25OHD3 and D6-25OHD3 were analysed 

using a liquid chromatography mass spectrometry system (Agilent 1260 Infinity Binary LC 

and Agilent 6120 Quadrupole LC/MS, Agilent Technologies, Santa Clara, California, USA). 

Metabolites were separated on a Luna 3µ C18(2) 10A column (250 x 4.60 mm, Phenomenex) 

thermostated at 50°C using an isocratic mobile phase consisting of 98% methanol with 0.1% 

of formic acid. The mobile phase flow rate was 0.7 ml/min and the sample injection volume 

25 µl. The total chromatographic run time for each sample was 30 minutes. The mass 

spectrophotometer was equipped with an atmospheric pressure chemical ionisation source 

(Agilent Technologies, USA) and was operated in the positive ionisation mode with the 

following source parameters: drying gas flow rate 4.0 L/min; gas temperature 250°C; pressure 

of nebulizer gas 25 psi; Vcap 1500 V; and fragmentor 100 V. The instrument was operating in 

selected-ion monitoring mode: 384 for 25OHD3 and 389 for D6-25OHD3, respectively.  Data 

acquisition was conducted with LC/MSD ChemStation B.04.03 (Agilent Technologies, USA). 

25OHD3 and D6-25OHD3 were identified based on retention time of pure standard of 

25OHD3 and D6-25OHD3. Typical elution times for both 25OHD3 and D6-25OHD3 were 6.1 

minutes. 

 

Linearity, reproducibility and sample stability 

The deviation between each of the two duplicate samples differed less than 10% from the 

mean of the two duplicates ([a-b]/[duplicate mean]). The relative standard deviation for the 

intra-assay precision was 3% for a serum sample with normal concentration of serum 25OHD 

(66 nmol/L) and 2% for a serum sample with high concentration of serum 25OHD (200 

nmol/L). Control samples (mean of 47 nmol/L) were analysed every day and the relative 
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standard deviation was 3% for between day variability between the mean of the duplicates. 

The method was tested for linearity between 6 nmol/L and 500 nmol/L using the internal 

standard diluted in methanol. The method was found to be linear (R2 = 0.9996) from 12 

nmol/L to 500 nmol/L. As the lowest serum 25OHD concentration in a sample was 19 

nmol/L, which is in the linear range of the method, no lower limit of quantification or lower 

limit of detection were determined as it was deemed unnecessary. The samples were tested for 

short-term stability by letting four control samples sit in room temperature for 24 hours. Four 

control samples were also tested for freeze-and-thaw stability by repeating three freeze-thaw 

cycles, i.e. thawed in room temperature and frozen for 24 hours.  

 

Dietary assessment 

On the same occasion as the blood sampling, the adolescents were asked to fill out a food 

frequency questionnaire regarding food consumption at present. The questionnaire contained 

questions about how often selected food items were consumed, i.e. butter, margarine and 

vegetable oils, marine foods, lean/light and full fat dairy products, dressings, meat and meat 

products, eggs, snacks, and french fries. Questions regarding butter/margarine and some types 

of meat and seafood concerned both their use as sandwich spreads and as components of main 

meals. Options for intake frequencies included never, once a month, once a week and daily. 

Respondents were instructed to report frequencies in detail in an open commentary field, if 

deviating from the options. The intake frequencies of the different food items were compiled 

by one food scientist and one nutritionist and converted to grams using the latest weight table 

from the Swedish National Food Agency, dated 2001. Ice cream and pastries were excluded in 

the nutrient calculations, since their fat composition varies widely. The vitamin D intake was 

analysed by a nutritionist using the software Diet32 (Aivo AB, Stockholm, Sweden, 2008-04-

11). 
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Statistical analysis 

Chi-square test and Student’s t-test were used to analyse differences in background variables 

between the selected individuals and the entire group. Student’s t-test was used to compare 

group means of serum 25OHD. For difference in food intake and total weekly intake of 

vitamin D, which was not normally distributed, the Mann Whitney U-test was used. 

Correlations between intake of vitamin D-rich food items and total daily intake of vitamin D 

and serum 25OHD levels were done using Spearman’s correlation test. Multiple logistic 

regression analysis was used to analyse the association between allergy diagnosis and serum 

25OHD as well as calculated dietary intake of vitamin D, taking the following potential 

confounders into consideration: for serum 25OHD, gender, month of sampling (January, April 

or November) and maternal, as well as paternal allergy, for vitamin D intake, gender and 

maternal and paternal allergy. Post hoc power analysis was used to calculate effect size in our 

study. With the sample size used in the present study it is possible to detect mean differences 

down to 0.5 standard deviations with 80 % power, i.e. a medium effect. Hence, it is possible 

to detect a mean difference of 6-7 nmol/L with 80 % power between our groups with a 

standard deviation of 14. If a mean difference of +/- 10 nmol/L is assumed to be clinically 

relevant for an effect on allergy, we would have 98 % power to detect this difference. Power 

analyses were performed using GPower 3.1.9.2 (Franz Faul, Universität Kiel, Germany). The 

other statistical analyses were performed using IBM SPSS Statistics version 19 (IBM 

Corporation, New York), two-tailed p-value ≤ 0.05 was considered significant. 

 

The study was approved by the local ethical committee in Umeå, Sweden (Dnr 09-110M) and 

was conducted according to the Declaration of Helsinki. At 13-years-of-age, the adolescents 

verbally approved their participation in skin prick tests, food registration and collection and 

analysis of blood samples for vitamin D and their parents provided written consent on behalf 
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of the children. Participation was voluntary, and the adolescents were free to decide not to 

participate further at any time, without any stated reason. The participants were informed that 

they would not be disadvantaged in any way as a result of a potential decision to decline 

further participation.  

 

RESULTS 

The mean serum 25OHD level in the entire group of 165 individuals was 51±14 nmol/L. Only 

three were defined as vitamin D deficient, i.e. had levels below 25 nmol/L, 79 subjects had 

insufficient 25OHD levels (30-50 nmol/L), 83 subjects had sufficient 25OHD levels (50-100 

nmol/L), and no subjects had high 25OHD levels (>100 nmol/L).  

 

Serum levels of 25OHD were significantly higher in samples collected in autumn (n = 80, 

mean 54 nmol/L) compared to samples collected in winter/spring (n = 85, mean 49 nmol/L, P 

= .009). Adolescents with respiratory allergy, atopic eczema and non-allergic controls were 

distributed equally over the seasons of sampling (Table 2).  

 

No differences in serum 25OHD levels were found between individuals with atopic eczema 

and non-allergic controls, or between individuals with respiratory allergy and controls, 

regardless of season of sampling (Table 2).  

 

Multiple logistic regression analysis was used to analyse the association between allergy 

diagnosis and serum 25OHD adjusted for: gender, month of sampling (January, April or 

November) and maternal, as well as paternal allergy. As seen in Table 3, serum 25OHD levels 

did not differ between the clinical groups in either the unadjusted logistic regression models 

or in the adjusted logistic regression models. Skin colour and ethnicity may affect the ability 
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to produce, metabolise and respond to Vitamin D. In our study, ethnicity was not recorded, 

but all of the individuals had fair skin (study nurse, personal communication). 

 

Dietary intake of selected food items and vitamin D 

The adolescents filled out a food-frequency questionnaire focusing on fat-containing items, 

considered significant sources of Vitamin D. Table 4 shows the intake of such food items in 

the three clinical groups. No significant differences were found between the three groups, 

except that adolescents with respiratory allergy consumed less egg than did non-allergic 

controls. The estimated total daily intake of vitamin D, as calculated from the response to the 

questionnaires, was 3.8 µg/day for the whole group (n = 163) and did not differ significantly 

between any of the two allergic groups and the non-allergic controls (Table 4).  

 

Multiple logistic regression analysis was also used to analyse the association between allergy 

diagnosis and the calculated total daily dietary intake of vitamin D adjusted for gender and 

maternal and paternal allergy. As seen in Table 3, calculated intake of vitamin D did not differ 

between the clinical groups in either the unadjusted logistic regression models or in the 

adjusted logistic regression models.  

  

Serum levels of 25OHD correlated to intake of vitamin D-fortified lean milk but not to fatty 

fish or other food items know to contain considerable amounts of vitamin D (Table 5). Serum 

25OHD did not correlate to calculated total intake of vitamin D (Table 5). 

DISCUSSION 

Adolescents with respiratory allergy or atopic eczema at 13-years-of-age differed neither in 

serum levels of 25OHD nor in dietary intake of vitamin D from non-allergic and non-

sensitised controls of the same age.  
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Previous studies have yielded inconsistent results regarding the relation between vitamin D 

levels in serum and allergy. Similar to our results, Samochocki et al (15) and Chiu et al (23) 

found no association between serum concentration of 25OHD and atopic dermatitis, while 

Gergen et al (24) found no association between serum concentration of 25OHD and asthma. 

A large study comprising almost 10,000 German children and adolescents aged one to 17 

reported higher levels of serum 25OHD in individuals with eczema compared with those 

without eczema (4). In contrast, other studies have found lower levels of serum 25OHD in 

individuals with asthma (8, 9) or atopic dermatitis (11, 12).  

 

The mean level of serum 25OHD (51 nmol/L) in the entire group was barely above the limit 

defining sufficient levels (50 nmol/L). Only three subjects had serum 25OHD levels below 

the limit defined as deficiency (25 nmol/L). Hence, our study does not permit conclusions 

regarding any potential effects of vitamin D deficiency on allergy.  

 

No differences were found in the calculated intake of food items containing vitamin D among 

allergic and non-allergic adolescents, except a significantly higher intake of eggs in subjects 

with no allergy than in subjects with respiratory allergy. However, the general intake of egg 

was low (4.8 g/day) and the difference between the groups corresponds only to approximately 

one egg per month. 

 

The currently recommended intake of vitamin D for children and adults (<75 yr) in the Nordic 

countries is 10 µg/day, but the average intake in Sweden is 5.7 µg/day in the 18 to 30 year age 

group (25). Relatively few foods contain vitamin D; fish and egg are the best sources, per 100 

g, fatty fish contains approximately 12-16 µg vitamin D, lean fish 0.1-2 µg and eggs 1.4 µg; 

according to the Food Database of the Swedish National Food Agency, consulted on 12 
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November 2014. Although fatty fish is one of the best food sources of vitamin D, intake of 

this food item did not correlate to serum 25OHD levels in our study. This is likely explained 

by the very low intake of fatty fish, 12 g/day in average, in this group. 

 

In Sweden, and many other countries, margarine and lean milk are fortified with vitamin D, 

10 µg/100 g and 0.45 µg/100 g, respectively. Hence, one standard portion of 200 g lean milk 

contributes to 0.9 µg vitamin D, i.e. 16% of the mean daily vitamin D intake of 5.7 µg in 18-

30-year-olds (25). To estimate vitamin D intake, the diet was registered by food frequency 

questionnaire, comprising fat-containing foods and foods known to contain vitamin D. 

Vitamin D fortified lean milk was the only food item whose intake correlated significantly 

with serum levels of 25OHD, suggesting that fortified food items may be a major dietary 

source of vitamin D in the investigated group of adolescents. Milk products are generally 

consumed regularly and in substantial amounts. The mean daily intake by the participants in 

this study was 230 g/day, which was lower than expected. However, apart from the open 

commentary field, the questionnaire did not have options to register intake frequencies more 

frequent than once a day. Underestimation of the milk consumption is therefore likely, since 

milk may be consumed during several meals throughout the day. Furthermore, the food-

frequency questionnaire did not include questions regarding sour milk or yoghurt products, 

which are often consumed for breakfast in Sweden.  

 

As calculated from the food frequency questionnaires, the teens in this study consumed an 

estimated average of 3.8 µg/day of vitamin D. However, the true intake is likely to be higher 

due to the probable underestimation of vitamin-D fortified milk and sour milk/yoghurt 

products. 
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The intake of vitamin D fortified lean milk correlated significantly with 25OHD levels in 

serum, while total intake of vitamin D, assessed via the food frequency questionnaire, did not. 

In addition to a possible underestimation of D-vitamin containing foods, intake of vitamin D 

supplements was not included in the food frequency questionnaire, which was initially 

designed to measure intake of different types of fatty acids. The probable underestimations of 

calculated total vitamin D intake may well explain the lack of correlation to serum 25OHD. 

Thus, no firm conclusions can be drawn regarding the effect of vitamin D intake and allergy 

in our study.  

 

The importance of sunlight for serum 25OHD levels was shown by the fact that serum 

samples collected in the autumn had higher levels of serum 25OHD than samples collected in 

winter and spring. Vitamin D is lipophilic and is stored in adipose tissue, where it has a slow 

turnover, with a half-life of approximately two months (26). A drawback of this study is the 

lack of registration of outdoor activities, foremost time spent on vacations in sunny countries. 

 

The allergy diagnoses in this study were based on questionnaires and skin prick tests when the 

children were 13-years-of-age. Due to the long follow-up we had an ability to select three 

very clearly defined clinical groups; i.e. those with atopic eczema, but no other allergic 

symptoms, those with respiratory allergy and sensitisation to common aeroallergens, but no 

other allergic symptoms, as well as non-allergic and non-sensitised controls who had not been 

allergic or sensitised at any of the follow-ups. A total of 300 subjects were invited to give a 

blood sample and participate in the study. Blood was drawn from 274 subjects on three 

different occasions from November 2009 to January 2011. The selected subjects did not differ 

from the groups from which they derived, except that is was less common among selected 

non-allergic subjects to have a dog during the first year of life.  
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Our study was not prospective in design and we cannot rule out that difference in serum 

25OHD levels or vitamin D intake might have preceded sensitisation and allergy 

development. Hyppönen et al (27) found that infants receiving supplementation with vitamin 

D during the first year of life had a higher risk for allergy at 31-years-of-age, suggesting an 

early life Th2 switch in infants receiving vitamin D supplementation. Contrary to that, 

Litonjua et al (7) suggested that vitamin D deficiency, primarily in pregnant mothers, is 

involved in the allergic epidemic. The last theory is in line with several epidemiological 

studies linking a higher vitamin D intake in pregnant women with lower risk of allergic 

disease, as reviewed by Rueter et al (28). However, since dietary sources generally contribute 

to less than 10 % of serum vitamin D levels (28), measuring maternal serum 25OHD levels 

during pregnancy is a better reflection of vitamin D exposure to the developing fetus in utero. 

According to the review by Rueter et al (28) only a few observational studies have evaluated 

this association with inconsistent results: two studies found an association between high 

maternal serum 25OHD levels and allergy in the offspring, while three studies found no 

association. Studies associating cord serum 25OHD levels with later allergy development, 

also reviewed by Reuter et al, have mostly failed to find any associations (28). Two studies 

found a negative association with eczema, one study found a positive association with food 

allergy, while no studies found cord serum 25OHD levels to be associated with asthma or 

allergic rhinitis. Two studies reported a negative association between cord serum 25OHD and 

wheezing, but early wheezing may reflect airway infections, rather than allergy. 

 

CONCLUSION 

The results from this study suggest that adolescents with allergy do not differ from non-

allergic adolescents regarding levels of 25OHD in serum. Although the incidence of allergy is 

high in Sweden, and particularly high in the north of the country, we did not find any 
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evidence that insufficient 25OHD levels in serum were more prevalent among subjects with 

respiratory allergies or atopic eczema. However, prospective studies are needed to rule out if 

low serum 25OHD levels increase the risk of allergy development. 
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Table 1 Characteristics of the study population 

  No allergy (n = 332) 
Respiratory allergy1 (n 

= 130) 
Atopic eczema2 (n = 79 )

  

Entire 

group 
Selected

P3 

Entire 

group 
Selected

P3 

Entire 

group 
Selected

P3 
(n = 

262) 
(n = 55)

(n = 

130) 
(n = 55) (n = 79) (n = 55)

Female gender, %  55 60 .48 32 29 .72 70 73 .70

Have older 

siblings4, %  
60 69 .23 63 60 .70 62 63 .90 

Exclusive breast 

feeding4,5, %  
74 73 .86 74 68 .40 80 83 .68 

Maternal allergic 

heridity6, %  
32 32 .95 55 49 .43 52 53 .93 

     asthma, %  6.1 3.6 .47 17 16 .93 23 26 .72

     rhinitis, %  11 15 .49 33 36 .67 24 29 .52

     eczema, %  23 20 .65 32 22 .18 38 40 .81

Paternal allergic 

heridity6. %  
32 39 .35 48 52 .64 37 35 .80 

     asthma, %  11 17 .21 16 15 .91 7.6 7.3 .95

     rhinitis, %  15 20 .27 32 37 .49 19 15 .50

     eczema, %  16 11 .35 19 24 .48 25 26 .97

Cat during first year 

in life4, %  
19 20 .91 12 9 .53 24 24 .96 

Dog during first 

year in life4, %  
30 16 .04* 16 13 .55 29 29 1.0 

Positive SPT7, %  0 0 - 100 100 - 14 9.3 .39
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Body mass index7, 

mean (SD) 
19 (3.0) 20 (3.4) .11 

19 

(3.0) 
18 (2.4) .38 20 (3.5) 20 (2.8) .94 

 

1Fulfilling ≥ 1 of the following criteria: wheeze in the past year, asthma inhalation treatment, 

or a positive answer to the question “Have you had any signs of pollen allergy or allergy to 

furred pets during the last 12 months?”; diagnosed at 13-years-of-age 

2Defined as a pruritic, chronic or chronically relapsing non-infectious dermatitis with typical 

features and distribution three of the main criteria suggested by Hanifin and Rajka[18], 

diagnosed at 13-years-of-age 

3Chi-Square test for dichotomous variables and students t-test for continuous variables 

between the included and the excluded subjects. 

4Answered at 1-year-of-age 

5Exclusively breast feeding at 4-month-of-age 

6Defined as an affirmative answer to the question “Has the childs mother/father ever had 

asthma, hay fever or eczema?”; answered at 13-years-of-age 

7Measured at 13-years-of-age 
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Table 2 Serum levels of 25OHD in non-allergic subjects and subjects with atopic 

eczema or respiratory allergy at 13-years-of-age. 

 

 n mean  
standard 

deviation

mean 

difference

95 % CI for the 

difference 
P1 

All subjects 

No allergy 55 50  13    

Respiratory allergy 55 51 15 -0.8 -6.2 – 4.6 .77

Atopic eczema 55 53 13 -3.4 -8.4 – 1.7 .19

Autumn samples 

No allergy 26 51  13    

Respiratory allergy 27 54 12 -3.0 -10 – 4.0 .39

Atopic eczema 27 57 13 -5.4 -13 – 1.8 .14

Winter/spring samples 

No allergy 29 49 14    

Respiratory allergy 28 47 17 1.5 -6.6 – 9.6 .72

Atopic eczema 28 50 13 -1.4 -8.6 – 5.7 .69

 

1P obtained by Student’s t-test compared to non-allergic controls 
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Table 3 Estimated odds ratios and 95% CIs of association between serum 25OHD or 

calculated intake of vitamin D and atopic eczema or respiratory allergy in 13-year-old 

adolescents. 

 

 Cases/controls 
Unadjusted 

OR (95% CI) 
P Cases/controls

Adjusted 

OR (95% 

CI) 

P 

Serum levels of 25OHD 

Respiratory 

allergy 
55/55 

1.044 (0.978-

1.031) 
.77 52/54 

0.998 

(0.968-

1.028) 

.871 

Atopic 

eczema 
55/55 

1.020 (0.991-

1.049) 
.19 55/54 

1.016 

(0.986-

1.046) 

.311 

Calculated daily intake of vitamin D 

Respiratory 

allergy 
53/55 

0.889 (0.668-

1.184) 
.42 52/54 

0.828 

(0.601-

1.142) 

.812 

Atopic 

eczema 
55/55 

1.135 (0.866-

1.049) 
.36 55/54 

1.235 

(0.921-

1.656) 

.162 

 

1Adjusted for gender, maternal allergy, paternal allergy, and time of blood sampling 

2Adjusted for gender, maternal allergy and paternal allergy 
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Table 4 Intake of vitamin D containing food items1 in the three groups  

 

 
No allergy  

(n = 55)2 

Respiratory 

allergy  

(n = 53)2 

Atopic eczema 

(n = 55)2 
P 

(resp vs ctrl)3 

P 

(ecz vs ctrl)3 

Butter 5.2 (5.0-5.9) 5.4 (3.2-10) 5.7 (1.4-10) .462 .205

Margarine 5.2 (0.71-6.4) 5.0 (0.18-6.4) 5.0 (0.71-8.5) .625 .681

Lean fish 18 (4.9-20) 8 (4.9-20) 20 (4.9-20) .362 .569

Fatty fish 8.0 (4.9-22) 7 (4.9-20) 10 (4.9-20) .296 .969

Total seafood 

intake4 
25 (12-39) 25 (9.8-36) 28 (18-39) .226 .722 

Total meat 

intake5 
84 (69-100) 89 (75-110) 90 (66-110) .517 .872 

Lean milk 250 (36-250) 
250 (250-

250) 

250 (250-

260) 
.909 .090 

Egg 3.6 (1.8-8.9) 1.8 (0.00-3.6) 3.6 (0.71-8.9) .002 .134

Vitamin D 3.3 (2.7-4.9) 3.5 (2.6-4.5) 3.8 (3.0-5.0) .616 .260

 

1Data are presented as medians (interquartile range), in g/day for food items and µg/day for 

vitamin D 
2Number of subjects who filled in a complete food frequency questionnair in each group. Two 

questionnaires were discarded as more than eight questions were left unanswered, leaving 163 

food assessments for analysis 
3P obtained by non-parametric Mann-Whitney U-test (intake pattern were not normally 

distributed) 
4Including fatty and lean fish, as well as shellfish 
5Including prepared meat, red meat and chicken 

Abbreviations: resp=respiratory allergy, ctrl=non-allergic controls, ecz=atopic eczema
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Table 5 Correlations between amount of serum 25OHD and intake of selected food 

items and calculated daily intake of vitamin D  

 All subjects (n = 163) 

 
Correlation 

coefficient1 
P 

Butter .002 .982

Margarine -.015 .849

Lean fish .064 .416

Fatty fish -.024 .746

Total fish intake2 -.013 .871

Total meat intake3 .024 .759

Lean milk (vitamin D fortified) .267 .001

Egg -.018 .818

Total daily vitamin D intake .114 .148

1Correlation were performed with Spearman’s correlation test since intake patterns were not 

normally distributed  

2Including fatty and lean fish, as well as shellfish 

3Including prepared meat, red meat and chicken 

 

Figure legends 

Figure 1: Flow chart over the cohort in the follow up at 13-years-of-age.  

1 Subjects who were not included in any of the three above mentioned groups were either 

sensitised but did not show any allergic symptoms or had more than one allergic symptom 

(food allergy, respiratory allergy or eczema) 

2Number of subjects that gave blood in November 2009 

3Number of subjects that gave blood in April 2010 

4Number of subjects that gave blood in January 2011 
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Figure 1 

 

 


