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Abstract
Background: Exclusion diets for the management of food allergy pose a risk of nutritional deficiencies and inadequate growth in children, yet less is known about their effect in adolescents and adults. The aim of this study was to compare the dietary intake of adolescents and adults with food allergies to a control group.
Methodology: A food allergic and a control group were recruited from Portsmouth and the Isle of Wight in the United Kingdom. Participants were recruited from a food allergy charity, allergy clinics, a local school and university, and previous research studies. Macro and micronutrient intake data were obtained using a 4-day estimated food diary. Sociodemographic and anthropometric data was collected via a constructed questionnaire.
Results: This cross-sectional study included 81 adolescents (48 food allergic and 33 controls) aged 11-18y and 70 adults aged 19-65y (23 food allergic and 47 controls). Overall 19 (22.8%) adolescents and 19 (27.1%) adults took dietary supplements, with no difference according to food allergic status. Adolescents with food allergy had higher intakes of niacin and selenium than adolescents without (p<0.05). This difference persisted when dietary supplements were removed from the analysis. Adults with food allergies had higher intakes of folate and zinc than those without (p < 0.05), however this was not observed when dietary supplements were removed from the analysis. Across all participants, the intake of several micronutrients was suboptimal. There was no difference in protein or calorie intake, or body mass index, according to food allergic status.
Conclusions: The dietary intake of food allergic participants was broadly similar and in some cases better than that of control participants. However suboptimal intakes of several micronutrients were observed across all participants, suggesting poor food choices. 

Introduction
Food allergy is deﬁned as a reproducible adverse immune response to a food (1). The prevalence of food allergy in Europe across all ages is estimated to be 0.6-6%, dependent on method of diagnosis (2). Eight foods: cows’ milk, hens’ egg, soy, peanuts, tree nuts, wheat, fish, and shellfish, account for more than 90% of childhood cases of food allergy (3). Typically, adult food allergy is caused by a more diverse range of foods, including fruit and vegetables, and may present differently than in children. At present there is no cure available, management requires the individual to consume an exclusion diet avoiding the causative allergen. Therefore the main goals in the management of food allergy are to avoid the offending food(s), whilst providing an adequate, healthy and nutritionally balanced diet (4). 
A number of studies have investigated the diets of infants and children with milk and multiple food allergies, demonstrating differences in protein, calcium, zinc, vitamin D and iron intakes (5–7). Additionally, research has shown that infants and children with cows’ milk allergy (CMA) (8–10) or multiple food allergies (to a combination of to milk, egg, wheat, soya, fish tree nut and/or peanut) are at increased risk for impaired growth (5,6,11–14) although overweight and obesity have also been reported (12). Less is known about the nutritional intake of adolescents and adults with food allergy. The few published studies of adult participants have reported contrasting results. For example, higher intakes of calcium, iron, folate and vitamin E have been demonstrated when data was combined from participants > 20 years with food allergies to milk, egg, wheat, soya, beef, pork or chicken (15). Conversely, lower intakes of calcium and phosphorous have been reported in young adults with CMA, with one study reporting that 27% were at risk of osteoporosis (16). Although pollen food syndrome, a food allergy associated with birch pollen, is noted to affect 2% of adults in the UK and typically first occurs below the age of 20 years (17), its nutritional impact has not been documented. 
Although there is some heterogeneity in study designs and results, most published studies report that energy intakes are broadly similar between those with and without food allergies. In general research  has indicated that excluded food groups are adequately substituted in terms of calories, although not always in terms of micronutrients (5,6,11,14). As there is some evidence that food allergy may be increasing (2) and the vast majority of research evidence relates to young children, there is a clear need for studies evaluating dietary intake in adolescents and adults with food allergies. Simply extrapolating findings from paediatric to older populations may lead to erroneous assumptions (20). This is particularly important for those who may be consuming restricted diets during adolescence, a time of emerging independence in health behaviours, that occurs alongside a period of heightened nutritional requirements and rapid growth (18,19). This study therefore aims to investigate dietary intake in food allergic adolescents and adults, using healthy control groups as comparison.
Methods
Study design and participants
This cross-sectional study of adolescents (11-18 years) and adults (19-65 years) took place in Hampshire and the Isle of Wight (UK) between October 2011 and May 2012. A food allergic group and a control group were recruited. Recruitment is shown in Figure 1. 
Food allergic participants were recruited through an allergy support charity, local allergy clinics and previous allergy studies(21,22). The inclusion criteria for the food-allergic participants was the presence of a confirmed diagnosis of IgE or non-IgE mediated allergy to at least one of the following foods: egg, milk, peanuts, tree nuts, sesame, crustaceans, fish or wheat. 
A control group of healthy participants, who consumed an unrestricted diet, were recruited through local schools, advertisements on the University of Portsmouth website, and previous studies (21,22). Participants with other conditions with dietary implications (e.g. diabetes) were excluded.
Nutrient intakes
Participants were asked to keep a record of everything eaten and drunk over four consecutive days, including one weekend day. Life size pictures of glasses and spoons, and photographs of 15 frequently consumed foods as small, medium and large portion sizes were provided (23). Otherwise participants were asked to record household measures, number of items or weight from labels of packaged foods. In addition, they were asked to record brand names, recipes and dietary supplements. Once returned, diaries were reviewed and all participants were phoned to prompt for missing details.
Nutrient analysis was based on the UK National Nutrition Databank that integrates the sixth edition of McCance & Widdowson’s the Composition of Foods(24) and its accompanying supplements. Portion sizes were estimated using UK coding criteria on food portion sizes in adults (25), and age-appropriate portion sizes for adolescents (26). Data were entered into Dietplan 6 (Forestfield Software Limited, Horsham, UK) by a nutritionist (IS) and two dietitians. To eliminate interpersonal variability in coding, the nutritionist checked all data for coding and portion size errors. 
Questionnaires
Questionnaires were constructed to collect information on clinical and socio-demographic characteristics of participants, based on a standardised questionnaire previously used(27). Information on anthropometric measurements and dietary supplements was also collected. The food-allergic group received a questionnaire with questions on food allergies such as foods avoided, type of allergy (single/multiple), mode of diagnosis of food allergies (skin prick test, blood test, doctor’s diagnosis, food challenge), and symptoms. Questionnaires were assessed for clarity by allergy patients, nurses and dietitians. 
Energy reporting
The Goldberg equation was used to identify participants who under-reported intake (28). Physical activity levels and data required for calculating Goldberg cut‑offs were taken from Black (29). Basal metabolic rate was predicted from standard age- and gender-specific equations derived from Schofield (30). As only extreme degrees of under-reporting can be detected with the Goldberg equation (31), identified under-reporters were not excluded, but adjusted for in the analyses (yes/no). 
Statistical analysis 
Sample size calculation was based on calcium intake from a previous study(32), which has been identified as the key at-risk nutrient (5,6,8,14,33). The calculation yielded a target sample size of 50 in each age group, using 0.90 power, 0.05 significance level, 294mg calcium assumed variability within the population and 264mg as the expected difference between the two groups. Statistical analysis was carried out with IBM SPSS Statistics for Windows (version 20, Armonk, NY: IBM Corp.). All continuous variables were tested for normality. Since most of them were not normally distributed, differences between the food-allergic and control group were compared using Mann-Whitney U or χ2-tests.
Data were analysed against dietary reference values for food energy and nutrients for the UK (34). Values were expressed as percentages of estimated average requirements (EAR; 50% of the population's requirement is met) for energy intake or reference nutrient intakes (RNI; 97.5% of the population's requirement is met) for nutrients according to age and gender, and percentage of participants below and above these requirements. The significance level was set at 0.05 for all analyses.
Ethical considerations
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and ethical approval was granted by the National Health Service (NHS) Southampton & South West Hampshire Research Ethics Committee A (11/SC/0039). Written informed consent and assent was obtained from all participants.
Results
Demographic characteristics and food diary completion
This study included 151 participants, 71 of whom had food allergies. Recruitment of participants is shown in Figure 1. Sociodemographic characteristics are shown in Table 1. 
Adults in the food allergy group were significantly older than the control group (p < 0.05). Amongst adolescents, there were fewer females in the food allergy than the control group (p < 0.05). There were no differences in ethnicity, education level, occupation, living location or Body Mass Index (BMI) according to food allergy status. In terms of food diary completion, there was no difference in irregular reporting (i.e. weekend/consecutive days completion) or underreporting according to food allergy status.


In the food allergy group, 70% of adolescents and 87% of adults had allergies to multiple foods. Among adolescents, peanut and tree nut allergy were the most prevalent, affecting 80% and 62% of participants respectively, followed by fruit (22%), egg (16%), milk (14%) and sesame (12%). Similarly in adults, most allergy was reported to tree nuts (82.6%) or peanut (78.3%), followed by vegetables (21.4%), fruit (17.4%) wheat (17.4%) and shellfish (13%). Allergies were also reported to fish, soya, sesame, pulses, seeds, sulphites, honey and rye. Specific data on the prevalence of pollen food syndrome was not collected.
Dietary supplement use
Overall 19 (22.8%) adolescents and 19 (27.1%) adults took dietary supplements. Of the 38 participants who took supplements, the majority (n = 22) took multivitamin/mineral preparations. There was no significant difference in the type or number of nutritional supplements consumed according to food allergy status (Table 1).
Nutrient intakes of adolescents 
Table 2 shows nutrient intakes of adolescents, including dietary supplements, stratified by food allergy status. Food allergic adolescents consumed a significantly lower % energy from fat, but higher % energy from carbohydrate than control participants (p < 0.05), although both groups were very close to national recommendations (34) of  50% and 35% for carbohydrate and fat respectively. Intakes of niacin and selenium were higher in food allergic than control participants. There was no difference in intake of any other nutrient according to food allergy status. Vitamin D intake was higher in food allergic than control participants (6.2 µg vs 3.3 µg), however the difference was not significant. Across both food allergic and control adolescents, intakes of thiamine, vitamin B12 and vitamin C were in excess of 250% the RNI.
Figure 2 shows the percentage of adolescents consuming less than the RNI for micronutrients (including dietary supplements). All participants met the RNI for phosphorous.  Intakes of potassium, magnesium and selenium were particularly low, with 81%, 74% and 80% of adolescents consuming less than the RNI respectively. Likewise, a substantial proportion of all adolescents had suboptimal intakes of calcium, iron, zinc, and iodine; with 48%, 60%, 51% and 55% not meeting the RNI respectively. There was no difference in the proportions of participants not meeting the RNI according to food allergy status for any nutrient. Vitamin D is not shown in the Figure as at the time there was no RNI for vitamin D for this age group. Using the current vitamin D recommendation of 10 µg per day for those > 1 year old (35), only 4 (8.3%) adolescents with food allergy met the RNI, with 1 (3%) adolescent control participants meeting the RNI; all of whom took dietary supplements.
Nutrient intake of adolescents excluding dietary supplements 
Supplementary Table 1 shows the nutrient intake of adolescents, excluding dietary supplements. Overall removing dietary supplements from the analysis did not alter any of the main findings. Intakes of niacin and selenium were higher in food allergic than control participants. There was no difference in intake of any other nutrient according to food allergy status. Intakes of thiamine, vitamin B12 and vitamin C were in excess of 250% the RNI. There was no difference in the proportions of participants not meeting the RNI according to food allergy status for any nutrient. 
Nutrient intake of adults 
Overall, looking across all adult participants, potassium and selenium intakes did not meet the recommended levels. Adults with food allergies had significantly higher intakes of folate and zinc than those without, as shown in Table 2. 
Examining the percentages of adults below the RNI (Figure 3), there was a substantial number of adults who failed to consume the RNI for potassium (70%) and selenium (84.2%). Other nutrients that were consumed in suboptimal amounts by around half of all adults included magnesium (40% below RNI), iron (55.7% below RNI) and iodine (48.6% below RNI). There were significantly more control participants (91.5%) than food allergic participants (69.6%) with intakes of selenium below the RNI (p < 0.05). Using the current vitamin D recommendation of 10 µg per day for those > 1 year old(35), only 1 (4.5%) adult with food allergy and only 2 (4.2%) control participants met the RNI, all of whom took dietary supplements.
Nutrient intake of adults excluding dietary supplements
Supplementary Table 1 shows the nutrient intake of adults, excluding dietary supplements. There was no difference in nutrient intake between those with and without food allergy (i.e. the higher intake of folate and zinc observed in adults with food allergy could be attributed to intake from dietary supplements). 

Discussion
To our knowledge this is the first study to investigate the full spectrum of nutrient intakes in food-allergic adolescents and adults, compared to a control group of healthy participants. Overall we have demonstrated higher intakes of certain micronutrients in food allergic participants (niacin and selenium in adolescents; folate and zinc in adults). The differences in adults can be attributed to dietary supplements. Although the dietary intake of food allergic participants was no worse than controls, suboptimal intakes of several micronutrients, especially minerals, were observed across all participants. Of note, we did not observe any difference in calcium intake between groups, which has been highlighted as a key nutrient in paediatric studies (5,6,11). Paediatric studies have attributed particular nutrients to specific excluded foods (e.g. calcium (7) or iodine (10) to cows’ milk) however due to the variety of food exclusion diets included in this study and the wide distribution of some nutrients in a range of foods (e.g. selenium, niacin), it is not possible to attribute each micronutrient to the exclusion of a specific food.  Unlike most paediatric studies (5,6,8,12,13,36), we did not observe any difference in BMI according to food allergy status.
In adolescents, differences in nutrient intake between the food-allergic and the control group were confined to fat, carbohydrate, niacin, and selenium. Although energy intake between adolescents with and without food allergies was similar, the percentage of energy derived from fat was lower and from carbohydrate intake higher among the food allergic group. One possible reason for this might be that adolescents with food allergies are less likely to consume high fat confectionary and snack foods, as many of these products have traces of food allergens (e.g. peanut). Previous research has suggested that adolescents and families with food allergies find it difficult to source prepacked foods without allergen traces labelling (37). However the differences in macronutrient percentage derived from energy should not be overstated. Both groups’ intakes were similar to recommended levels, therefore the differences are unlikely to be clinically meaningful. Looking at micronutrients that differed by food allergic status; niacin is widely distributed in foods (24), therefore a higher intake cannot necessarily be attributed to a particular food group. A higher intake of selenium has previously been reported in infants consuming a milk-free diet (38), which may be explained by the selenium content of substitute soya products (24). Only one previous study of adolescents was identified in the literature, which did not show any difference in nutritional intake in 12-19 year olds (15).
In adult participants, differences existed solely in zinc and folate intake, with the food allergic group having higher intakes of both. However differences were only apparent when dietary supplements were factored in. Due to the paucity of literature related to nutrient intake in adults with food allergy, it is not possible to compare our data directly to other studies. Kim et al. (15) demonstrated higher intakes of calcium, iron, folate and vitamin E in adults with food allergy, however they included participants with allergies to atypical foods such as beef, pork, and chicken; the control participants had atopic dermatitis and the contribution of dietary supplements was not clear. Nachshon et al. (16) highlighted that young adults with milk allergy were at greater risk for osteoporosis due to lower intakes of calcium and phosphorous, however we did not detect a difference in these nutrients, which may be because we recruited adults with allergies to a range of foods, not solely to milk. 
This study assessed nutrient intake from both food sources and dietary supplements. The percentage of supplement use in this study was 21.2 to 34.8%, depending on age and food allergic status. Data indicate that some participants with, but also without food allergies, would not have met the recommendations without dietary supplements, particularly for several minerals. For calcium, it has been shown among children with food allergies (5,6,11) and adolescents on a cows’ milk free diet (39) that these recommendations cannot be met without use of fortified foods, infant formula or dietary supplements. However, Meyer et al. (40) have shown that even with supplementation deficiency can occur, as can excess intakes; thus underlying the importance of individualised dietetic advice. It is difficult to make generalised recommendations on nutritional supplementation of adolescents and adults with food allergy, due to the wide spectrum of foods implicated and differing severity of symptoms. This study is novel and therefore needs to be replicated in other settings in order to establish if patterns of nutrition deficiencies exist. 
Overall, a large number of participants with and without food allergies did not meet the RNI for a range of minerals. One explanation could be the underestimation of energy intake. If energy intake is underestimated, it is possible that the intake of other nutrients is also underestimated (41). The percentage of under‑reporters was higher among adolescents than adults (see Table 1). However, the observed low nutrient intakes might not only be a result of under-reporting, but rather a matter of poor food choice and low intake of nutrient-dense foods. 
We recognise some limitations in this study. There were differences in the mean age of the food allergic and control adult group, however both groups mean age were in their 30s. There was a greater proportion of males in the food allergy adolescent group, however this would not have had an effect on the nutrient intake analysis, which was compared to gender specific Dietary Recommended Values (DRVs). The food-allergic participants recruited were predominantly members of a support charity, which arguably could have attracted individuals with high socio-economic status and more severe food allergies who have received specialised dietetic advice. The majority of control participants were recruited through advertisements on university websites, therefore possibly attracting health motivated participants. Furthermore, the study sample was recruited from Portsmouth and the Isle of Wight and may not be representative of the general population living in the UK. Due to the wide spectrum of food allergies it was not possible to link specific foods with specific nutrient deficiencies within our sample. Although the food diary was considered as the most appropriate dietary assessment method for this study, its validity should have ideally been assessed prior to its use. However, validation studies are relatively expensive and difficult to perform. All food diaries were carefully checked and participants were prompted for missing details over the phone. Overall this study was suitably powered, with 151 participants returning completed food diaries, which compares very favourably to other similar studies. 
Conclusion
This study provides a comprehensive survey of nutrient intake in adolescents and adults with food allergies. It shows that dietary intake & BMI between the food-allergic and the general population is largely similar and in some cases dietary intake was better in individuals with food allergy. However, a substantial proportion of all participants did not meet RNIs for micronutrients, particularly minerals, which may indicate poor choice of foods with low nutrient density. This underlines the importance of individualised dietetic involvement in the management of food allergies. 
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Table 1: Characteristics of adolescents and adults with food allergies and controls (n = 151)
	

	
	Adolescents with FA
 (n = 50)
	Adolescents without FA
 (n = 33)
	Adults with FA
 (n = 23)
	Adults without FA
 (n = 47)

	
	
	
	
	

	Age (y); (mean, SD)
	14.5 (2.4)
	14.5 (2.2)
	39.4 (13.7)*
	30.2 (9.5)

	Male (n, %)
	33 (66.0)*
	12 (36.4)
	4 (17.4)
	9 (19.1)

	White ethnicity (n, %)
	43 (87.8)
	29 (87.9)
	22 (95.7)
	38 (80.9)

	BMI (kg/m2); (mean, SD)
	20.1 (3.6)
	20.3 (3.4)
	24.5 (4)
	24.2 (4.5)

	Graduate/postgraduate education^
	25 (50.0)
	22 (68.8)
	12 (52.2)
	28 (59.6)

	Urban living location (n, %)
	35 (70.0)
	25 (78.1)
	18 (78.3)
	41 (87.2)

	Under-reporting (Goldberg) (n, %)
	14 (29.2)
	9 (27.3)
	5 (21.7)
	8 (17.0)

	Irregular recordingb(n, %)
	15 (30.0)
	5 (15.2)
	3 (13.0)
	8 (17.4)

	Supplement use (n, %)
	12 (24.0)
	7 (21.2)
	8 (34.8)
	11 (23.4)

	Multivitamin and minerals (n, %)
	5 (10.0)
	5 (15.2)
	6 (26.1)
	6 (12.8)

	Single/Few vitamins or minerals (n, %)
	3 (6.0)
	1 (3.0)
	3 (13.0)
	6 (12.8)

	Probiotics (n, %)
	1 (2.0)
	0
	3 (13.0)
	0

	Fish oil (n, %)
	5 (10.2)
	1 (3.0)
	2 (8.7)
	3 (6.4)


FA: Food allergy. *significant difference between food allergy and control group (p < 0.05)
^for adolescents, maternal education level was used.


Table 2: Daily nutrient intakes of adolescent and adults with food allergies and their controls, including dietary supplements (n = 151)
	Nutrients
	Adolescents
	Adults

	
	Food allergic
(n=48)
	Control
(n=33)
	Food allergic
(n=23)
	Control
(n=47)

	
	Mean (SD)
	Mean (SD)

	Energy (%EAR)
	88.2 (20.9)
	89.3 (15.7)
	95.4 (21.4)
	99.4 (21.7)

	Protein (%RNI)
	166.9 (46.9)
	164.4 (37.8)
	169.9 (47.4)
	169.7 (57.2)

	Fat (g) 
% Total energy 
	73.9 (24.9)
33.1 (5.5)*
	77.1 (18.4)
36.7 (5.2)
	70.1 (20.1)
32.9 (5.9)
	80.1 (24.8)
35.1 (5.5)

	Carbohydrates (g) 
% Total energy
	258.3 (62.6)
50.8 (6.4)*
	236.8 (47.1)
47.1 (4.9)
	241.2 (101.2)
46.4 (11.0)
	250.6 (56.9)
46.6 (5.3)

	NSP (g) 
	13.7 (5.0)
	13.1 (3.7)
	16.4 (6.3)
	15.4 (5.6)

	Vitamin A (%RNI)
	145.1 (83.9)
	129.3 (61.8)
	195.5 (155.9)
	191.3 (182.2)

	Vitamin C (%RNI)
	387.7 (260.6)
	326.1 (240.8)
	415.4 (608.8)
	333.0 (409.2)

	Vitamin D (µg)^
	6.2 (18.1)
	3.3 (2.6)
	3.4 (2.8)
	3.0 (2.7)

	Vitamin E (mg)^
	9.5 (9.0)
	8.9 (5.6)
	20.1 (37.1)
	12.0 (15.6)

	Thiamine (%RNI)
	273.4 (379.3)
	380.8 (625.6)
	375.9 (410.4)
	271.7 (257.0)

	Riboflavin (%RNI)
	195.3 (250.0)
	163.7 (96.2)
	247.4 (251.3)
	174.6 (97.9)

	Niacin equiv. (%RNI)
	248.4 (73.5)*
	189.2 (59.3)
	245.7 (89.2)
	233.8 (63.9)

	Vitamin B6 (%RNI)
	190.8 (119.0)
	179.6 (71.0)
	251.7 (210.7)
	190.5 (165.8)

	Vitamin B12 (%RNI)
	341.7 (253.7)
	324.0 (211.1)
	385.4 (297.2)
	352.9 (277.4)

	Folate (%RNI)
	128.6 (53.2)
	134.9 (56.9)
	170.5 (73.5)*
	136.3 (55.9)

	Sodium (%RNI)
	163.4 (58.6)
	160.0 (34.2)
	178.6 (56.7)
	211.3 (101.9)

	Potassium (%RNI)
	84.5 (24.5)
	80.1 (23.2)
	94.2 (40.8)
	88.6 (25.1)

	Calcium (%RNI)
	104.8 (49.1)
	104.7 (29.4)
	132.4 (43.3)
	135.0 (50.7)

	Magnesium (%RNI)
	89.9 (29.4)
	88.3 (26.2)
	113.7 (37.9)
	108.9 (29.7)

	Phosphorus (%RNI)
	178.3 (57.8)
	184.4 (38.3)
	247.7 (64.1)
	247.3 (62.6)

	Iron (%RNI)
	104.3 (50.2)
	87.9 (40.3)
	125.1 (59.7)
	103.0 (50.1)

	Copper (%RNI)
	128.9 (50.6)
	137.7 (58.4)
	117.4 (46.2)
	110.4 (33.9)

	Zinc (%RNI)
	110.6 (54.3)
	106.3 (29.8)
	157.6 (53.6)*
	134.9 (40.6)

	Selenium (%RNI)
	86.6 (49.7)*
	64.4 (35.2)
	75.4 (60.0)
	61.8 (33.6)

	Iodine (%RNI)
	111.1 (84.1)
	112.3 (56.3)
	107.1 (52.5)
	114.7 (52.2)


EAR: Estimated Average Requirement. RNI: Reference Nutrient Intake. NSP: Non Starch Polysaccharide *significant difference between food allergic and control groups (p < 0.05)
^No dietary reference values existed for vitamins D and E at the time of the study in the age groups studied

Figure legends
Figure 1: Recruitment of participants
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Figure 2: Percentage of adolescent participants not achieving RNI for micronutrients 



Figure 3: Percentage of adult participants not achieving RNI for micronutrients 
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Percentage of adult participants not achieving RNI for micronutrients
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