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BACKGROUND : Children with food allergy are at specific risk for nutritional deficiencies.

OBJECTIVE : To retrospectively determine prevalence of vitamin D and iron deficiencies in
children with or without food allergy (FA).

METHODS : We compared the markers of vitamin D and iron status of 0-17-year-olds with CMA
(n=77), other FA (n=70), and atopic children without FA (n=87) at an academic pediatric allergy
practice. Multiple linear regression analyses were performed to determine the impact of CMA
and other FA on vitamin D levels and iron markers. RESULTS : Vitamin D deficiency was
detected in one-fourth and insufficiency in onethird of children with CMA and other FA and in
those with atopic diseases but no FA. Vitamin D levels were associated with vitamin D
supplementation, and consumption of breast milk, cow’s milk, infant formula or plant-based
milk beverage, but not with CMA or other FA. Older children with FA who did not consume any
cow’s milk or alternative milk beverage were at highest risk for vitamin D insufficiency. CMA
children have a higher rate of IDA (8%) than other FA children (1%) or those with no FA (5%,
p<0.001); however suboptimal levels of transferrin saturation and iron were detected in up to
one-third of children with CMA or other FA.

CONCLUSION : Vitamin D deficiency/insufficiency is common in atopic children overall but
children with CMA are at higher risk for IDA. Intensive nutritional counseling and nutrient intake
monitoring, specifically for vitamin D and iron in those avoiding cow’s milk, is necessary to
optimize nutritional status.
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INTRODUCTION

Vitamin D is not only known for its effects on cialm and phosphorus metabolisrhpne
development,and relationship to lung developméryt there is also a growing awareness of its
potential role as an essential micronutrient witimunomodulatory effects? It is thought to
improve antimicrobial defenses within the immunstegn, suppress excessive inflammation and
inhibit production of pro-inflammatory cytokin8/arious factors like diet, ethnicity, sun
exposure, gender and obesity can affect vitamiev@l in childrerf; *and as many as 15% of
children are found to have vitamin D insufficiermydeficiency based off of local laboratory
cutoffs! However, the exact immunologic mechanisms drivirggrole of vitamin D in food

allergy development has not yet been establiShed.

In the United States, prevalence of food allerggemnywhere from 4-8%.° and worldwide,
allergic diseases are on the fis€ Although the data is conflicting, studies havevshahat

vitamin D levels, whether deficient or excessivaymplay a role in the development of allergic
diseases such as asthma, atopic dermatitis, addaftegy™* For instance, it has been suggested
that vitamin D deficiency could be related to irased asthma risk and rising allergiédultiple
studies have also reported links between low vitanlevels and increased sensitization to food
allergens in infants and young childrén->One population-based cohort study out of Australia
showed that infants with low vitamin D levels (<B®ol/L at 1 year of age) had an increased
risk of challenge-confirmed peanut and egg allergy year (11-fold peanut and 4-fold egoh
cross-sectional study from Korea found that lovawiin D levels carried increased risk of food

allergen sensitization and was associated withrgg\a# atopic dermatitis. Interestingly,
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severity of atopic dermatitis was influenced byamin D levels and by food allergy
sensitization. On the other hand, a small caseraiostudy in Australia did not find an
association between vitamin D insufficiency athbiot 6 months of age and food allergy at 12

months of agé®

In contrast, vitamin D deficiency can occur in pats with already established food allergy,
including cow’s milk allergy due to decreased imals a result of strict elimination of a notably
good source of vitamin D. A study utilizing NHANEKfata reported an association between
vitamin D deficiency and higher levels of total alttrgen-specific IgE levels to aeroallergens
and foods in children and adolescefitSimilarly, a study from Brazil noted that childresith
cow’s milk allergy, especially those that were Istézd, had a highest rate of vitamin D
deficiency compared to healthy (non-allergic) colstf® and a review study looking at
elimination diets noted that children with multipéeod allergies seem to be at greatest risk for
inadequate intake of nutrients including vitamir®Binally, children with non-IgE mediated
gastrointestinal food allergy appear to be simylatl greater risk of vitamin D deficiency, as

well.t’

As eluded above, children with dietary restrictians at risk for multiple nutrient deficiencies,
not only vitamin D. In food allergic children, fds rich in essential nutrients for growth and
development are often foods that contain the mmsincon allergen& Those with milk allergies
or multiple food allergies are at greatest riskwvgpecific food avoidance measures possibly
contributing to certain nutrient deficiencies. kwstance, one review article cited that milk

allergic children were found to have a lower intakealcium, zinc and vitamin B2, whereas
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children with allergy to wheat and soy also haddowon, zinc and vitamin B6 levelS.In
comparison, children with beef, pork and chickdargles had lower iron intake and iron levels
noted’® Lastly, a retrospective chart review study ouTaiwan urged consideration of milk

protein allergy in children that presented for enatibn of iron deficiency anemta.

Overall, current data is conflicting with regardshe role of vitamin D in food allergy.
Consequently, the objective of this study was temeine whether vitamin D deficiency is more
prevalent in children with food allergies when carggdl against patients with other atopic
conditions but without food allergies (no FA). Tioed allergic group was further subdivided to
separate children with cow’s milk allergy (CMA) atitbse with food allergies other than cow’s
milk allergy (other FA). We also sought to assab&iolaboratory markers of nutritional status,

such as iron status and factors associated wite thetritional markers.

METHODS

Study patients

We conducted a retrospective chart review wherexaenined 500 randomly selected charts of
children that presented to the University of Rotdesledical Center Pediatric
Allergy/Immunology clinic (Rochester, NY) aged 0dbgh 17 years with FA, asthma, allergic
rhinitis (AR), atopic dermatitis (AD), food proteinduced enterocolitis syndrome (FPIES),
and/or eosinophilic esophagitis (EoOE) between Jan2@15 and December 2017. The study was
approved by the Institutional Review Board of Umsiy of Rochester Medical Center. Children

of both genders, all races and ethnicities werkided. Children with FA were clinically
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diagnosed by convincing history of a reaction aoslfpre skin prick testing or serum specific

IgE measurements. Children with non-IgE mediatedlitmns such as FPIES and EoE were
included in the FA group, as well, as they wereiding foods that can impact nutritional status.
Children without FA who carried the diagnosis di@tatopic conditions such as AR, AD, or
asthma were used as the control group. Childrem mah-atopic co-morbidities that could affect
vitamin D intake, absorption or utilization, thosgh chronic disease other than allergic disease,
corticosteroid use in the past month, and childvéh FA that did not have nutritional laboratory

tests including vitamin D levels drawn or had ingdete anthropometric data were excluded.

Data collected

Skin prick testing to foods including milk, egg, @dt, soy, peanut, tree nuts, fish, and shellfish
with a wheal at least 3 mm larger than negativerobwere considered positive. Specific IgE
antibody values of at least 0.35 IU/mL to enviromtaé allergens were considered positive.
Presence of multiple food allergy was noted in &oldito number of foods eliminated (ranging
from zero to eight corresponding to the most comadtergens). Routine laboratory assessments
performed within 6 months from the visit were usaddetermination of serum levels of serum
25-hydroxyvitamin D, iron, transferrin and its sattion, ferritin, total iron binding capacity
(TIBC), hemoglobin, hematocrit, mean corpusculanbglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), mean corpuscutdnwme (MCV), and peripheral
eosinophil count expressed as a percentage antlisbsamber. As defined by the Endocrine
Society, serum 25-hydroxyvitamin D deficiency i @& less than or equal to 20 ng/mL with
insufficiency defined as 21 to 29 ng/nft Although levels above 20 ng/mL are necessary to

prevent rickets and osteomalacia, levels shoulaldoze 30 ng/mL in order to achieve maximal
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vitamin effects for calcium levels and bone metismo) especially in growing childref?. In

order to account for lab measurement assay vaitiabiid to guarantee sufficient vitamin D
levels for optimal health, we used insufficiencyleds than 30 ng/mL rather than deficiency in
our study?* Per WHO, iron deficiency anemia (IDA) is hemogloliHgb) <11g/dL in children <
5yo and ferritin <12mcg/L or Hgb <11.5g/dL and fémr<15mcg/L in children 5-11y®° As a
cutoff for suboptimal iron stores, we used thedwihg: iron <60 mcg/dL, transferrin saturation
<20% or TIBC >240 mcg/dE’ Use of milk beverage (cow’s milk, breast milk, pidased
alternative, formula, or none) was recorded froovter medical notes in the medical record. In
addition, the name of consumed milk product wasned, and ranged from plant-based milks
to amino acid infant formulas depending on aged@maice made by parent and provider. AD
severity was based on the physical examinatioraasdssment. Age, gender, race/ethnicity,
body mass index percentile (BMI), and smoking statere obtained from medical charts and

recorded as well.

Statistical analysis

All statistical analyses were conducted using SAGion 9.4. (SAS Institute Inc. Cary, NC).
Subject demographics and characteristics were cadgeetween children with CMA, other FA,
and those with no FA. Fisher’s exact test or thesgare test was used for categorical variables
while the one way ANOVA or Kruskal-Wallis tests warsed for continuous variables. Post hoc
pairwise comparisons were also performed using Bwaitgel, Critchlow-Fligner (DSCF)

multiple comparison analysis. Multiple linear reggi®n analyses with nutritional markers levels
as dependent variables were performed to evalbatagsociation between laboratory markers

and FA, age, gender, smoke exposure, milk beveyagkernative and vitamin D
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supplementation. The type of milk beverage conswveelincluded in the analysis. All tests

were two-sided at the 0.05 level of significance.

RESULTS

Study subject characteristics

Of the 500 charts reviewed, 234 children were idetlin the study. The remainder, had missing
anthropometric or laboratory data. Among those, ddldren met criteria of CMA and other

FA, and 87 children represented patients seentf@r @topic conditions but no FA. Because this
study occurred in a tertiary referral center favdallergies, the proportion of food allergic
children was high in this random selection of page Out of all the children with FA, there were
55% children allergic to cow’s milk, 23% to whedt,% to egg, 52% to peanuts, 45% to tree
nuts, 27% to soy, 9.8% to fish, and 17% had amglleo shellfish. Because presence of CMA
by itself can carry significant nutritional repessions in children, those in the food allergic
group were separated into two groups: “CMA” andi@tFA”. These groups included subjects
with non-IgE-mediated FA. Notably, 34 children kvEEoE and 13 with FPIES had IgE-
mediated sensitization on testing as well. Thereewechildren with EOE and 2 with FPIES that

did not have positive skin testing or serologiditesto foods; all were included in the other FA

group.

Table 1 compares the baseline characteristicsedtitee groups studied. Children with FA were
younger, compared to children with no FA (p<0.0@hildren with CMA were significantly

younger (5.0 years) than children with other FAL(Bears) and children with no FA (8.5 years),



139  p=xxx. This is expected, as younger children areenfikely to carry a CMA label. Gender was
140  not found to be significantly different between theee groups. Our clinic carries a diverse

141  patient population, so African American and Hisggatients were well represented in our

142 cohort, accounting for 23% of the children with C\M#0% of children with other FA, and 46%
143  of children with no FA. There was a higher rate€Cafucasians in the CMA group and of

144  Hispanics in no FA group (p=0.005). Children witM& had the lowest BMI (median 52.5

145  %ile) compared to children with other FA (54.3 %#ad no FA (63.5 %ile) (p=0.015). This

146  difference in BMI is expected, as children with CM#&re younger. Presence of smoke exposure
147  was low in all groups, but appeared to be lessgdeet in children with CMA (4%) and other

148  FA (17%) than in children with no FA (22%, p=0.004)

149

150  Less children with any FA consumed CM (67% otherdfdup) and more CM alternatives (19%
151  other FA and 87% CMA group) when compared to 77%an with no FA (p<0.001). The

152  CMA group substituted CM with mostly plant-basetbalatives (58%) and formula (21%,

153  p<0.001). Thirteen to fourteen percent of childireeach group did not consume any CM

154  alternative. There was no statistically significdifference in vitamin D supplementation

155  consumption in the three groups.

156

157  There was an overall high prevalence of other cobidallergic diagnoses in each group, which
158 is often the case in patients seeking care at agadestitutions. 64% of children with other FA
159  and 74% of children with CMA had multiple IgE-metid FA (p<0.001). The most commonly
160 avoided additional foods in the CMA group includeldeat (10%), egg (36%), peanut (49%),

161  tree nuts (39%) and soy (31%), whereas the mosimmotty avoided foods in the other FA
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group included egg (53%), peanut (51%), tree M%), and soy (14%). In fact, wheat allergy
was reported in 22 children (31%) with other FAd &am8 children (10%) with CMA (p=0.006).
Egg allergy was reported in 37 (53%) children vather FA and 28 (36%) children with CMA
(p=0.200). There was no statistically significdifference in the proportion of children
diagnosed with AD or asthma between groups, butateeof moderate AD was more common
in children with other FA and severe AD was moreomn in children with CMA (p=0.014),
whereas AR was most common in children with no pA0(001). Children with CMA and other
FA were found to have higher blood eosinophil ceypt0.002) and eosinophil percentages

(p=0.002) (Table 2), consistent with their degreatopy.

Nutritional markers

Children with CMA and other FA had no significarnfference in vitamin D levels compared to
children with no FA (Table 2). More specificallys 232%) children with CMA, 27 (39%)
children with other FA, and 35 (37%) children with FA were vitamin D insufficient. Vitamin

D deficiency was noted in 18 (23%) children with B8M.6 (23%) children with other FA, and
11 (13%) children with no FA, comparable betweesugs. Hgb and ferritin levels were
comparable between the three groups. However, § ¢8#aren with CMA, 1 (1%) child with
other FA, and 4 (5%) children with no FA met IDAteria (p<0.001). Transferrin saturation and
iron levels as markers of depleted iron stores Wwawest in children with other FA (mean 22.7%
and 66.6 mcg/dL, respectively) and highest in thaitle no FA (28.0% and 79.7 mcg/dL,
respectively), (p=0.004 and p=0.026, respectivéipn deficiency without associated anemia as

evidenced by low transferrin saturation levels wietend in 25 (32%) children with CMA, 26
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(37%) children with other FA and 15 (17%) childmeith no FA (p=0.013), or as evidenced by
low iron levels in 19 (25%) children with CMA, 2@9%) children with other FA and 12 (14%)
children with no FA (p=0.063). MCHC was also founde marginally lower in children with

other FA (p=0.010).

Multiple linear regression was then used to evaltla¢ association between vitamin D levels
and the presence of CMA and other FA, and factach ss age, gender, smoke exposure, type
of milk, and vitamin D supplement. The presenc€BIA or other FA, age and smoke exposure
did not significantly impact vitamin D levels (T&B). However, as predicted, presence of a
dietary or supplemental vitamin D source was assediwith higher levels of vitamin D.

Vitamin D oral supplementation appeared to havgmifgcant positive influence on vitamin D
levels (mean estimate 8.36, 95% CI [6.37-10.36Q.p&1, Table 3). Similarly, children that
consumed CM or any form of CM alternative had hightamin D levels than those without any
milk beverage (Figure 1). Breastfed infants wengpdemented with vitamin D in 88% of the
time and children that consumed breast milk hadhigleest vitamin D level estimates (mean
estimate 7.33, 95% CI [1.06-13.59], p=0.022), v@t providing the next highest vitamin D
level (mean estimate 5.41, 95% CI [2.25-8.57], p8Q)). As expected, formula made a bigger
difference on vitamin D levels (mean estimate 498 CI [0.69-8.86], p=0.022) compared to a
plant-based milk alternative (mean estimate 3.8% €I [0.18-7.81], p=0.04). The most
common CM alternatives were found to be soy andatmilk. Interestingly, two-thirds (67%)
of children with other FA that did not consume dknaiternative to CM were 10 years and older

(n=18). Of those patients, 83% were vitamin D ifisignt.
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Multiple regression analysis was also performedralyze the impact of FA and other factors on
transferrin saturation levels as an indicator gfiefeed iron stores (Table 4). There was a
significant negative association between presefhother FA and transferrin saturation status
(mean difference -5.27, 95% CI [-8.46- -2.08]). CM&ye, gender, smoke exposure, types of
milk beverage consumed versus none, and presemiiaimin D supplementation were not

found to have significant effect on transferrinusation levels.

DISCUSSION

Our study showed that although vitamin D insufingg appeared to be common in atopic
children and was seen in one-third of those evatiiat our office, vitamin D levels were

actually comparable between children with CMA, otRha, and those with no FA. Elimination

of CM protein did not seem to be detrimental tawiin D levels likely due to frequent
supplementation with CM alternatives (which areoftitamin D fortified) or vitamin D
supplements (especially in breastfed infants),eis avhich contained a milk alternative and/or a
vitamin D supplement tend to yield higher serunawiin D levels. Despite the different types of
plant-based and formula-based substitutes repatedjata showed that any substitute exerted a
positive benefit on vitamin D levels, although teffect was attenuated depending on the type of
milk alternative consumed. We can only assumettieimilk substitute choices were vitamin D
fortified (as most are) but as there were no foade&s utilized, we could not say for certain if

the specific brands chosen were fortified. Thiadisewith the amount of fortification, nutritional
additives, and perhaps even bioavailability in mflormulas compared to plant-based

alternatives. We also showed that IDA was uncomimdhese groups, although iron and
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231 transferrin saturation levels as an indicator afrdasing iron stores were lower in children with
232 other FA, compared to those with CMA or no FA.

233

234  Vitamin D insufficiency was particularly prevalei®3%) in older children (>10 years) with any
235 FA, who were not on a CM alternative beverage. &lebsldren had been on elimination diets
236 for longer and because CM alternative is often i@med non-crucial in management of older
237  children who otherwise have varied diets, may dlsteantribute to the high rate of deficiency
238 in this group. Additionally, children with other Fere in this group; they may have

239 “outgrown” their CMA, but may have not incorporaté¥l back into the diet out of preference.
240 In fact, the DRACMA guidelines to date recommenitican supplementation over age 2 and
241 not necessarily vitamin D supplementation or CMralative supplementation in those that avoid
242 CM.?" This finding may carry weight in the school-agedup as well as in potentially all other
243  age groups that do not consume CM alternativeglar & vitamin supplement. This was also
244  confirmed in one study looking at vitamin D levalgpatients with EOE and found that those
245  with insufficient vitamin D levels tended to be etdalthough that study included both adults
246  and childrerf. A simple question then during a visit with suclildien can quickly signal that
247  screening blood work or immediate initiation ofagteptable milk alternative is necessary.
248  Allergies to some of the other common foods likg #tat are higher in vitamin D could further
249  exacerbate deficiency, and if not adequately suitsti>> could predispose to lower vitamin D
250 levels. Our study also showed that children withdppeared to have higher eosinophil count
251  and percentage, as eosinophils are a driver ofurcgrt atopic conditions (AR, AD) and speak
252  to the severity of allergic condition. However, maghil counts did not contribute to the vitamin

253 D or transferrin saturation levels.
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This study also showed that children with CMA havagher rate of IDA (8%) than children

with other FA (1%), although the rate of IDA in 8®with no FA was in between (5%). In
addition, all FA patients had lower transferrinusation and iron levels, most pronounced in the
other FA group. In up to one-third of children withy FA those levels were suboptimal. This
may be due to other FA that put children at rigkifsufficient iron intake, such as wheat or egg
allergy. In fact, more wheat allergic children wéand in the other FA group. However, this
was not clinically important, because the rateDA Wwas lowest in children with other FA.
Transferrin saturation is a marker that may indickcreasing iron stores, with levels below
20% indicative of subclinical or increased risk IDA; however, iron stores (assessed by normal
ferritin) appeared to be intact in these FA chiildréhis may suggest that iron levels should be
cautiously monitored in this group, as presencatloér FA like wheat allergy can restrict
ingestion of iron-fortified grains and cerealshdts also been shown that children with
predominantly Gl associated CMA manifestations thay lead to occult blood loss are at risk
for this deficiency'® Transferrin saturation and ferritin levels carode influenced by
inflammatory conditions, so transferrin saturatievels should be used in the context of other
markers for iron status. One study found that thnas an attenuated association between iron
deficiency and vitamin D deficiency in healthy chign °although our study suggests that these

mechanisms may be different.

Consequently, a physician and dietician team amgbrozay be beneficial for surveillance of
nutritional statu§" not only in infants and toddlers but in older dhéin with FA in order to

identify nutritional deficiencies like vitamin D fieilency and to provide patient-specific
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recommendations of dietary changes such as idemgifyppropriate dairy-free alternativés?
One study found that CM avoidance was associatddimadequate calcium intake and those
that received counseling about appropriate sulistitsi with alternative formula or milk were
less likely to develop inadequate calcium and vitenlevels* The same principle and
approach can be applied to other nutritional pataraghat can emerge in children with CMA or

multiple FA to diet staples in a particular agegan

Some strengths of this study include that we haglarepresented cohort of both genders, ages,
and ethnicities in both groups, in whom markerautfitional status had been commonly
documented. Adjusting for confounders allowed fataser look at statistically significant
differences and their impact on the nutritional keas. Due to a large percentage of children
with CMA in our cohort, we were able to subdivithe A group into a CMA and other FA
group so that a more rigorous statistical analysis able to be performed to assess the
implications a CM elimination diet can have on fignal status. A key limitation in this study
was that it was retrospective in nature, relyingclmcal notes available to determine severity of
allergic co-morbidities. Dietary intake was not m@e@d by food diaries which would provide a
more precise evaluation on the type and amountl&fatiernatives consumed (and their vitamin
D content). Another limitation is that other vdnlies that could affect vitamin D levels such as
sun exposure, seasonal timing of when the testagyperformed, and other micro- and
macronutrient factors were not collected and amalyinterestingly, children with CMA were
somewhat younger compared to children with no RAthe age was adjusted for in the logistic
regression analysis, with no influence on vitamiorransferrin saturation levels. Larger

studies across all pediatric ages will be needetktermine if these findings can be validated
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across larger populations of children. More in-tieptamin D studies focusing on older children
with FA should be done to evaluate for risk factorsvitamin D deficiency and downstream
effects. Furthermore, categorizing children by corations of FA may offer more insight on

nutritional status rather than by pure number fielated foods in these studies.

In conclusion, although vitamin D deficiency appghto be common in atopic children, vitamin
D levels were comparable in children with CMA, otk& and no FA. Importantly, vitamin D
levels were higher in those patients who had vitabhsupplementation, drank CM, or found a
CM alternative as a vitamin D source in comparignthose without an alternative milk
beverage or oral supplement. Especially older ofriidvith CMA were at high risk for vitamin

D insufficiency. Moreover, lower iron and transfarsaturation levels appeared to be associated
with FA. This underscores the need for close momigpoby a physician/dietitian team for proper
management of children with FA to ensure they rtest nutritional and vitamin needs as well
as to determine standardized algorithms for vitahilesting that go beyond clinician suspicion

for nutritional deficiency.
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Tablel
General characteristics of entire study population (n=234)
Characteristic No FA, n=87 Other FA, n=70 CMA, n=77 P-value
Age (y), median (range) 8.5 (1.2-17) 8.1 (0.6-17) 5.0 (0.5-17) <0.001
Gender 0.514
Male, n (% 58 (67%) 41 (59%) 51 (66%)
BMI (% ile), median (range) 63.5 (1-140) 54.3 (0.1-110) 52.5(0.1-119)] 0.015
Race/Ethnicity 0.005
African American, n (%) 24 (28%) 25 (36%) 11 (14%)
Caucasian, n (%) 43 (49%) 36 (51%) 53 (69%)
Hispanic, n (% 16 (18%) 3 (4%) 7 (9%)
Other, n (% 4 (5%) 6 (9%) 6 (8%)
Smoke Exposure 0.004
Yes, n (% 19 (22%) 12 (17%) 3 (4%)
Typeof Milk Beverage <0.001
Cow milk, n (% 67 (77%) 47 (67%) 0 (0%)
Cow milk alternative, n (%) 8 (9%) 13 (19%) 67 (87%)
None, n (% 12 (14%) 10 (14%) 10 (13%)
Typeof Milk Alternative <0.001
Breastmilk, n (% 0 (0%) 3 (4%) 5 (7%)
Cow milk, n (% 67 (77%) 47 (68%) 1 (1%)
Formula, n (% 4 (5%) 7 (10%) 16 (21%)
Plant-based alternative, n (o) 4 (5%) 3 (4%) 45 (58%)
None, n (% 12 (13%) 10 (14%) 10 (13%)
Vitamin D Supplementation 0.262
Yes, n (% 38 (44%) 22 (31%) 32 (42%)
M ultiple Food Allergies <0.001
Yes, n (% 1 (1%) 45 (64%) 57 (74%)
Atopic Dermatitis 0.209
Yes, n (% 48 (55%) 46 (66%) 52 (68%)
Atopic Dermatitis Severity 0.014
None, n (% 39 (45%) 24 (34%) 25 (33%)
Mild, n (%) 33 (38%) 23 (33%) 28 (36%)
Moderate, n (%) 15 (17%) 19 (27%) 14 (18%)
Severe, n (%) 0 (0%) 4 (6%) 10 (13%)
Allergic Rhinitis <0.001
Yes, n (% 82 (94%) 51 (73%) 34 (44%)
Asthma 0.143
Yes, n (% 47 (54%) 35 (50%) 30 (39%)

P-value from a chi-square test, Fisher’s exact tes-way ANOVA or Kruskal-Wallis test
Abbreviation: BMI, body mass index; FA, food allgr@MA, cow’s milk allergy




Table2
Comparison of laboratory data between children with CM A and other FA compared to children
with no FA

No FA, mean (SD) |Other FA, mean (SD) |CMA, mean (SD)| P-value
Vitamin D levels 28.45 (7.60) 26.50 (8.98) 27.55 (9.52) 0.323
Iron 79.72 (31.60) 66.64 (23.72) 75.29 (27.69) 0.026
Ferritin 52.77 (40.25) 46.02 (38.83) 48.26 (31.59) 0.376
Transferrin saturation 28.02 (11.44) 22.70 (8.74) 23.73 (8.90) 0.004
TIBC 333.57 (70.06) 340.47 (61.91) 347.10 (45.9]7) 0.467
Hemoglobin 15.12 (17.19) 13.53 (9.95) 12.18 (1.23 0.113
Hematocrit 37.38 (4.50) 37.46 (5.30) 36.17 (3.26) 0.077
MCH 27.80 (2.94) 27.43 (2.83) 27.75 (2.13) 0.617
MCHC 33.49 (1.21) 33.07 (1.33) 33.70 (1.16)] 0.010
MCV 82.16 (6.78) 84.71 (33.15) 82.23 (5.57 0.378
Eaosinophil count 0.27 (0.31) 0.44 (0.46) 0.46 (0.47) | 0.002
Eosinophil % 3.03 (2.64) 5.01 (4.54) 5.26 (4.75) | 0.002

Shown is mean (standard deviation); Bold indicatealue <0.05, one way ANOVA or
Kruskal-Wallis tests were used.

Abbreviation: TIBC, total iron binding capacity; N mean corpuscular hemoglobin; MCHC,
mean corpuscular hemoglobin concentration; MCV,maapuscular volume; FA, food allergy;
CMA, cow’s milk allergy



Table3

Multiplelinear regresson analysis evaluating effectsof CM A and other FA on vitamin D levels

Parameter M ean Difference 95% CI Pr > |t|
Food allergy (yesvsno) -0.86 -3.20 1.49 0.472
Cow milk allergy (yesvsno) -0.40 -3.73 2.94 0.814
Age (years) -0.12 -0.35 0.10 0.282
Gender (FvsM) -1.72 -3.68 0.25 0.086
Smoke exposur e (Yes vs no) 0.34 -2.39 3.08 0.804
Type of milk beverage (BM vsnone) 7.33 1.06 13.59 0.022
Type of milk beverage (CM vsnone) 5.41 2.25 8.57 <0.001
Type of milk beverage (Formula vs none) 4.78 0.69 8.86 0.022
Type of milk beverage (Plant based alternative vs none) 3.99 0.18 7.81 0.040
Vitamin D supplement (yesvsno) 8.36 6.37 10.36 | <0.001

Abbreviation: ClI, confidence interval; CM, cow’slRjiFA, food allergy; CMA, cow’s milk

allergy; BM, breast milk




Table4

Multiplelinear regression analysis evaluating effectsof CM A, other FA and transferrin saturation on
vitamin D levels

Parameter M ean Difference 95 % Cl Pr > |t|
Food allergy (yesvsno) -5.27 -8.46 -2.08 0.001
Cow milk allergy (yesvsno) -4.37 -8.92 0.17 0.059
Age (years) 0.23 -0.07 0.53 0.138
Gender (FvsM) 1.45 -1.23 4.13 0.286
Smoke exposur e (yes vs no) -3.21 -6.93 0.52 0.091
Type of milk beverage (BM vsnone) -0.46 -9.00 8.08 0.915
Type of milk beverage (CM vsnone) 2.98 -1.32 7.28 0.174
Type of milk beverage (Formula vs none) 3.88 -1.69 9.45 0.171
Type of milk beverage (Plant based alternative vs none) 3.69 -1.51 8.88 0.163
Vitamin D supplement (yesvsno) 0.80 -1.92 3.52 0.563

Abbreviation: ClI, confidence interval; CM, cow’slRjiFA, food allergy; CMA, cow’s milk

allergy
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Figurel
Title: Boxplots of Vitamin D levels of all cow’s milk alteatives

Caption: Seven breastfed infants were also receiving vitddnsupplementation. Vitamin D
levels: in ng/mL. Open diamond: mean vitamin D leVertical line inside box: median (50
percentiles). Vertical lines constituting top ardtbm of box: 28 and 7%' percentiles,

respectively.
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INTRODUCTION

Vitamin D is not only known for its effects on cialm and phosphorus metabolisrhpne
development,and relationship to lung developméryt there is also a growing awareness of its
potential role as an essential micronutrient witimunomodulatory effects? It is thought to
improve antimicrobial defenses within the immunstegn, suppress excessive inflammation and
inhibit production of pro-inflammatory cytokin8/arious factors like diet, ethnicity, sun
exposure, gender and obesity can affect vitamiev@l in childrerf; *and as many as 15% of
children are found to have vitamin D insufficiermydeficiency based off of local laboratory
cutoffs! However, the exact immunologic mechanisms drivirggrole of vitamin D in food

allergy development has not yet been establiShed.

In the United States, prevalence of food allerggemnywhere from 4-8%.° and worldwide,
allergic diseases are on the fis€ Although the data is conflicting, studies havevshahat

vitamin D levels, whether deficient or excessivaymplay a role in the development of allergic
diseases such as asthma, atopic dermatitis, addaftegy™* For instance, it has been suggested
that vitamin D deficiency could be related to irased asthma risk and rising allergiédultiple
studies have also reported links between low vitanlevels and increased sensitization to food
allergens in infants and young childrén->One population-based cohort study out of Australia
showed that infants with low vitamin D levels (<B®ol/L at 1 year of age) had an increased
risk of challenge-confirmed peanut and egg allergy year (11-fold peanut and 4-fold egoh
cross-sectional study from Korea found that lovawiin D levels carried increased risk of food

allergen sensitization and was associated withrgg\a# atopic dermatitis. Interestingly,
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severity of atopic dermatitis was influenced byamin D levels and by food allergy
sensitization. On the other hand, a small caseraiostudy in Australia did not find an
association between vitamin D insufficiency athbiot 6 months of age and food allergy at 12

months of agé®

In contrast, vitamin D deficiency can occur in pats with already established food allergy,
including cow’s milk allergy due to decreased imals a result of strict elimination of a notably
good source of vitamin D. A study utilizing NHANEKfata reported an association between
vitamin D deficiency and higher levels of total alttrgen-specific IgE levels to aeroallergens
and foods in children and adolescefitSimilarly, a study from Brazil noted that childresith
cow’s milk allergy, especially those that were Istézd, had a highest rate of vitamin D
deficiency compared to healthy (non-allergic) colstf® and a review study looking at
elimination diets noted that children with multipéeod allergies seem to be at greatest risk for
inadequate intake of nutrients including vitamir®Binally, children with non-IgE mediated
gastrointestinal food allergy appear to be simylatl greater risk of vitamin D deficiency, as

well.t’

As eluded above, children with dietary restrictians at risk for multiple nutrient deficiencies,
not only vitamin D. In food allergic children, fds rich in essential nutrients for growth and
development are often foods that contain the mmsincon allergen& Those with milk allergies
or multiple food allergies are at greatest riskwvgpecific food avoidance measures possibly
contributing to certain nutrient deficiencies. kwstance, one review article cited that milk

allergic children were found to have a lower intakealcium, zinc and vitamin B2, whereas



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

children with allergy to wheat and soy also haddowon, zinc and vitamin B6 levelS.In
comparison, children with beef, pork and chickdargles had lower iron intake and iron levels
noted’® Lastly, a retrospective chart review study ouTaiwan urged consideration of milk

protein allergy in children that presented for enatibn of iron deficiency anemta.

Overall, current data is conflicting with regardshe role of vitamin D in food allergy.
Consequently, the objective of this study was temeine whether vitamin D deficiency is more
prevalent in children with food allergies when carggdl against patients with other atopic
conditions but without food allergies (no FA). Tioed allergic group was further subdivided to
separate children with cow’s milk allergy (CMA) atitbse with food allergies other than cow’s
milk allergy (other FA). We also sought to assab&iolaboratory markers of nutritional status,

such as iron status and factors associated wite thetritional markers.

METHODS

Study patients

We conducted a retrospective chart review wherexaenined 500 randomly selected charts of
children that presented to the University of Rotdesledical Center Pediatric
Allergy/Immunology clinic (Rochester, NY) aged 0dbgh 17 years with FA, asthma, allergic
rhinitis (AR), atopic dermatitis (AD), food proteinduced enterocolitis syndrome (FPIES),
and/or eosinophilic esophagitis (EoOE) between Jan2@15 and December 2017. The study was
approved by the Institutional Review Board of Umsiy of Rochester Medical Center. Children

of both genders, all races and ethnicities werkided. Children with FA were clinically
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diagnosed by convincing history of a reaction aoslfpre skin prick testing or serum specific

IgE measurements. Children with non-IgE mediatedlitmns such as FPIES and EoE were
included in the FA group, as well, as they wereiding foods that can impact nutritional status.
Children without FA who carried the diagnosis di@tatopic conditions such as AR, AD, or
asthma were used as the control group. Childrem mah-atopic co-morbidities that could affect
vitamin D intake, absorption or utilization, thosgh chronic disease other than allergic disease,
corticosteroid use in the past month, and childvéh FA that did not have nutritional laboratory

tests including vitamin D levels drawn or had ingdete anthropometric data were excluded.

Data collected

Skin prick testing to foods including milk, egg, @dt, soy, peanut, tree nuts, fish, and shellfish
with a wheal at least 3 mm larger than negativerobwere considered positive. Specific IgE
antibody values of at least 0.35 IU/mL to enviromtaé allergens were considered positive.
Presence of multiple food allergy was noted in &oldito number of foods eliminated (ranging
from zero to eight corresponding to the most comadtergens). Routine laboratory assessments
performed within 6 months from the visit were usaddetermination of serum levels of serum
25-hydroxyvitamin D, iron, transferrin and its sattion, ferritin, total iron binding capacity
(TIBC), hemoglobin, hematocrit, mean corpusculanbglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), mean corpuscutdnwme (MCV), and peripheral
eosinophil count expressed as a percentage antlisbsamber. As defined by the Endocrine
Society, serum 25-hydroxyvitamin D deficiency i @& less than or equal to 20 ng/mL with
insufficiency defined as 21 to 29 ng/nft Although levels above 20 ng/mL are necessary to

prevent rickets and osteomalacia, levels shoulaldoze 30 ng/mL in order to achieve maximal
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vitamin effects for calcium levels and bone metismo) especially in growing childref?. In

order to account for lab measurement assay vaitiabiid to guarantee sufficient vitamin D
levels for optimal health, we used insufficiencyleds than 30 ng/mL rather than deficiency in
our study?* Per WHO, iron deficiency anemia (IDA) is hemogloliHgb) <11g/dL in children <
5yo and ferritin <12mcg/L or Hgb <11.5g/dL and fémr<15mcg/L in children 5-11y®° As a
cutoff for suboptimal iron stores, we used thedwihg: iron <60 mcg/dL, transferrin saturation
<20% or TIBC >240 mcg/dE’ Use of milk beverage (cow’s milk, breast milk, pidased
alternative, formula, or none) was recorded froovter medical notes in the medical record. In
addition, the name of consumed milk product wasned, and ranged from plant-based milks
to amino acid infant formulas depending on aged@maice made by parent and provider. AD
severity was based on the physical examinatioraasdssment. Age, gender, race/ethnicity,
body mass index percentile (BMI), and smoking statere obtained from medical charts and

recorded as well.

Statistical analysis

All statistical analyses were conducted using SAGion 9.4. (SAS Institute Inc. Cary, NC).
Subject demographics and characteristics were cadgeetween children with CMA, other FA,
and those with no FA. Fisher’s exact test or thesgare test was used for categorical variables
while the one way ANOVA or Kruskal-Wallis tests warsed for continuous variables. Post hoc
pairwise comparisons were also performed using Bwaitgel, Critchlow-Fligner (DSCF)

multiple comparison analysis. Multiple linear reggi®n analyses with nutritional markers levels
as dependent variables were performed to evalbatagsociation between laboratory markers

and FA, age, gender, smoke exposure, milk beveyagkernative and vitamin D
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supplementation. The type of milk beverage conswveelincluded in the analysis. All tests

were two-sided at the 0.05 level of significance.

RESULTS

Study subject characteristics

Of the 500 charts reviewed, 234 children were idetlin the study. The remainder, had missing
anthropometric or laboratory data. Among those, ddldren met criteria of CMA and other

FA, and 87 children represented patients seentf@r @topic conditions but no FA. Because this
study occurred in a tertiary referral center favdallergies, the proportion of food allergic
children was high in this random selection of page Out of all the children with FA, there were
55% children allergic to cow’s milk, 23% to whedt,% to egg, 52% to peanuts, 45% to tree
nuts, 27% to soy, 9.8% to fish, and 17% had amglleo shellfish. Because presence of CMA
by itself can carry significant nutritional repessions in children, those in the food allergic
group were separated into two groups: “CMA” andi@tFA”. These groups included subjects
with non-IgE-mediated FA. Notably, 34 children kvEEoE and 13 with FPIES had IgE-
mediated sensitization on testing as well. Thereewechildren with EOE and 2 with FPIES that

did not have positive skin testing or serologiditesto foods; all were included in the other FA

group.

Table 1 compares the baseline characteristicsedtitee groups studied. Children with FA were
younger, compared to children with no FA (p<0.0@hildren with CMA were significantly

younger (5.0 years) than children with other FAL(Bears) and children with no FA (8.5 years).



139  This is expected, as younger children are moréylitcecarry a CMA label. Gender was not

140  found to be significantly different between theeigroups. Our clinic carries a diverse patient
141 population, so African American and Hispanic pasenere well represented in our cohort,

142 accounting for 23% of the children with CMA, 40%abfildren with other FA, and 46% of

143 children with no FA. There was a higher rate of €aians in the CMA group and of Hispanics
144 in no FA group (p=0.005). Children with CMA had tlogvest BMI (median 52.5 %ile)

145  compared to children with other FA (54.3 %ile) aredFA (63.5 %ile) (p=0.015). This

146  difference in BMI is expected, as children with CM#&re younger. Presence of smoke exposure
147  was low in all groups, but appeared to be lessgdeet in children with CMA (4%) and other

148  FA (17%) than in children with no FA (22%, p=0.004)

149

150  Less children with any FA consumed CM (67% otherdfdup) and more CM alternatives (19%
151  other FA and 87% CMA group) when compared to 77%an with no FA (p<0.001). The

152  CMA group substituted CM with mostly plant-basetbalatives (58%) and formula (21%,

153  p<0.001). Thirteen to fourteen percent of childireeach group did not consume any CM

154  alternative. There was no statistically significdifference in vitamin D supplementation

155  consumption in the three groups.

156

157  There was an overall high prevalence of other cobidallergic diagnoses in each group, which
158 is often the case in patients seeking care at agadestitutions. 64% of children with other FA
159  and 74% of children with CMA had multiple IgE-metid FA (p<0.001). The most commonly
160 avoided additional foods in the CMA group includeldeat (10%), egg (36%), peanut (49%),

161  tree nuts (39%) and soy (31%), whereas the mosimmotty avoided foods in the other FA



162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

group included egg (53%), peanut (51%), tree M%), and soy (14%). In fact, wheat allergy
was reported in 22 children (31%) with other FAd &am8 children (10%) with CMA (p=0.006).
Egg allergy was reported in 37 (53%) children vather FA and 28 (36%) children with CMA
(p=0.200). There was no statistically significdifference in children diagnosed with AD or
asthma between groups, but the rate of moderatevd>more common in children with other
FA and severe AD was more common in children withAQ(p=0.014), whereas AR was most
common in children with no FA (p<0.001). ChildreittwCMA and other FA were found to
have higher blood eosinophil counts (p=0.002) agin®phil percentages (p=0.002) (Table 2),

consistent with their degree of atopy.

Nutritional markers

Children with CMA and other FA had no significarnfference in vitamin D levels compared to
children with no FA (Table 2). More specificallys 232%) children with CMA, 27 (39%)
children with other FA, and 35 (37%) children witbh FA were vitamin D insufficient. Vitamin
D deficiency was noted in 18 (23%) children with B8M.6 (23%) children with other FA, and
11 (13%) children with no FA, comparable betweesugs. Hgb and ferritin levels were
comparable between the three groups, as well. Hervévwere were 6 (8%) children with CMA,
1 (1%) child with other FA, and 4 (5%) children vito FA that met IDA criteria (p<0.001).
Transferrin saturation and iron levels as markédepleted iron stores were lower in children
with other FA (iron levels median 66 mcg/dL, traarsin saturation median 22%) compared to
no FA (iron levels median 75 mcg/dL, transferritusation median 27%), with the lowest levels

found in children with other FA (p=0.004 and p=@G0&spectively). Iron deficiency without
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associated anemia as evidenced by low transfeaturagion levels were found in 25 (32%)
children with CMA, 26 (37%) children with other Féd 15 (17%) children with no FA
(p=0.013), or as evidenced by low iron levels i(29%) children with CMA, 20 (29%)
children with other FA and 12 (14%) children with BA (p=0.063). MCHC was also found to

be marginally lower in children with other FA (p£Q0).

Multiple linear regression was then used to evaltla¢ association between vitamin D levels
and the presence of CMA and other FA, and factach ss age, gender, smoke exposure, type
of milk, and vitamin D supplement. The presenc€BIA or other FA, age and smoke exposure
did not significantly impact vitamin D levels (T&bB). However, as predicted, presence of a
dietary or supplemental vitamin D source was assediwith higher levels of vitamin D.

Vitamin D oral supplementation appeared to havgmifgcant positive influence on vitamin D
levels (mean estimate 8.36, 95% CI [6.37-10.36Q.p&1, Table 3). Similarly, children that
consumed CM or any form of CM alternative had hightamin D levels than those without any
milk beverage (Figure 1). Breastfed infants wengpdemented with vitamin D in 88% of the
time. More precisely, children that consumed brea@kt had the highest vitamin D level
estimates (mean estimate 7.33, 95% CI [1.06-13@4],022), with CM providing the next
highest vitamin D level (mean estimate 5.41, 95%2(15-8.57], p<0.001)). As expected,
formula made a bigger difference on vitamin D Ieyghean estimate 4.78, 95% CI [0.69-8.86],
p=0.022) compared to a plant-based milk alterngtivean estimate 3.99, 95% CI [0.18-7.81],
p=0.04). The most common CM alternatives were faonge soy and almond milk.
Interestingly, two-thirds (67%) of children withh&tr FA that did not consume a milk alternative

to CM were 10 years and older (n=18). Of thosegpédi, 83% were vitamin D insufficient.
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Multiple regression analysis was also performednalyze the impact of FA and other factors on
transferrin saturation levels as an indicator gfiefeed iron stores (Table 4). There was a
significant negative association between presefhother FA other than CMA and transferrin
saturation status (mean difference -5.27, 95% &46- -2.08]). CMA, age, gender, smoke
exposure, types of milk beverage consumed versos, amd presence of vitamin D

supplementation were not found to have signifiedfect on transferrin saturation levels.

DISCUSSION

Our study showed that although vitamin D insufindg appeared to be common in atopic
children and was seen in one-third of those evatiiat our office, vitamin D levels were

actually comparable between children with CMA, otRha, and those with no FA. Elimination

of CM protein did not seem to be detrimental tawiin D levels likely due to frequent
supplementation with CM alternatives (which areoftitamin D fortified) or vitamin D
supplements (especially in breastfed infants),eis avhich contained a milk alternative and/or a
vitamin D supplement tend to yield higher serunawiin D levels. Despite the different types of
plant-based and formula-based substitutes repatedjata showed that any substitute exerted a
positive benefit on vitamin D levels, although teffect was attenuated depending on the type of
milk alternative consumed. We can only assumettieimilk substitute choices were vitamin D
fortified (as most are) but as there were no foade&s utilized, we could not say for certain if

the specific brands chosen were fortified. Thiadisewith the amount of fortification, nutritional

additives, and perhaps even bioavailability in mflormulas compared to plant-based
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231  alternatives. We also showed that IDA was uncomimmdhese groups, although iron and

232 transferrin saturation levels as an indicator afrdasing iron stores were lower in children with
233 other FA, compared to those with CMA or no FA.

234

235  Vitamin D insufficiency was particularly prevalei®3%) in older children (>10 years) with any
236 FA, who were not on a CM alternative beverage. &ledsldren had been on elimination diets
237  for longer and because CM alternative is often i@med non-crucial in management of older
238  children who otherwise have varied diets, may dlsteantribute to the high rate of deficiency
239 in this group. Additionally, children with other F&ere in this group; they may have

240  “outgrown” their CMA, but may have not incorporatéil back into the diet out of preference.
241  In fact, the DRACMA guidelines to date recommenitican supplementation over age 2 and
242 not necessarily vitamin D supplementation or CMralative supplementation in those that avoid
243 CM.?" This finding may carry weight in the school-agedup as well as in potentially all other
244  age groups that do not consume CM alternativeglar & vitamin supplement. This was also
245  confirmed in one study looking at vitamin D levalgpatients with EOE and found that those
246 with insufficient vitamin D levels tended to be etdalthough that study included both adults
247  and childrer. A simple question then during a visit with suclidien can quickly signal that
248  screening blood work or immediate initiation ofagteptable milk alternative is necessary.
249  Allergies to some of the other common foods likg #tat are higher in vitamin D could further
250 exacerbate deficiency, and if not adequately suitsti>> could predispose to lower vitamin D
251 levels. Our study also showed that children withdppeared to have higher eosinophil count

252  and percentage, as eosinophils are a driver ofurcgrt atopic conditions (AR, AD) and speak
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to the severity of allergic condition. However, imophil counts did not contribute to the vitamin

D or transferrin saturation levels.

This study also showed that children with CMA havagher rate of IDA (8%) than children

with other FA (1%), although the rate of IDA in 8®with no FA was in between (5%). In
addition, all FA patients had lower transferrinusation and iron levels, most pronounced in the
other FA group. In up to one-third of children withy FA those levels were suboptimal. This
may be due to other FA that put children at rigkifsufficient iron intake, such as wheat or egg
allergy. In fact, more wheat allergic children wéand in the other FA group. However, this
was not clinically important, because the ratelA Was lowest in children with other FA.
Transferrin saturation is a marker that may indickdcreasing iron stores, with levels below
20% indicative of subclinical or increased risk IDA; however, iron stores (assessed by normal
ferritin) appeared to be intact in these FA chiildréhis may suggest that iron levels should be
cautiously monitored in this group, as presencatloér FA like wheat allergy can restrict
ingestion of iron-fortified grains and cerealshdts also been shown that children with
predominantly Gl associated CMA manifestations thay lead to occult blood loss are at risk
for this deficiency? Transferrin saturation and ferritin levels carode influenced by
inflammatory conditions, so transferrin saturatievels should be used in the context of other
markers for iron status. One study found that tlnas an attenuated association between iron
deficiency and vitamin D deficiency in healthy chién,?°although our study suggests that these

mechanisms may be different.
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Consequently, a physician and dietician team ambrozay be beneficial for surveillance of
nutritional statu§" not only in infants and toddlers but in older dhiin with FA in order to
identify nutritional deficiencies like vitamin D fieilency and to provide patient-specific
recommendations of dietary changes such as idergifppropriate dairy-free alternativés®?
One study found that CM avoidance was associatddimadequate calcium intake and those
that received counseling about appropriate sulistitsi with alternative formula or milk were
less likely to develop inadequate calcium and vitenlevels* The same principle and
approach can be applied to other nutritional pataraghat can emerge in children with CMA or

multiple FA to diet staples in a particular agegan

Some strengths of this study include that we haglarepresented cohort of both genders, ages,
and ethnicities in both groups, in whom markerauwifitional status had been commonly
documented. Adjusting for confounders allowed fataser look at statistically significant
differences and their impact on the nutritional keas. Due to a large percentage of children
with CMA in our cohort, we were able to subdivithe A group into a CMA and other FA
group so that a more rigorous statistical analysis able to be performed to assess the
implications a CM elimination diet can have on itignal status. A key limitation in this study
was that it was retrospective in nature, relyinglmcal notes available to determine severity of
allergic co-morbidities. Dietary intake was not m@ed by food diaries which would provide a
more precise evaluation on the type and amountl&fatiernatives consumed (and their vitamin
D content). Another limitation is that other vdnlies that could affect vitamin D levels such as
sun exposure, seasonal timing of when the testagyperformed, and other micro- and

macronutrient factors were not collected and amalyinterestingly, children with CMA were
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somewhat younger compared to children with no RAthe age was adjusted for in the logistic
regression analysis, with no influence on vitamiorransferrin saturation levels. Larger
studies across all pediatric ages will be needetktermine if these findings can be validated
across larger populations of children. More in-tieptamin D studies focusing on older children
with FA should be done to evaluate for risk factorsvitamin D deficiency and downstream
effects. Furthermore, categorizing children by corations of FA may offer more insight on

nutritional status rather than by pure number mfielated foods in these studies.

In conclusion, although vitamin D deficiency appghto be common in atopic children, vitamin
D levels were comparable in children with CMA, otk& and no FA. Importantly, vitamin D
levels were higher in those patients who had vitaihsupplementation, drank CM, or found a
CM alternative as a vitamin D source in comparignthose without an alternative milk
beverage or oral supplement. Especially older oridvith CMA were at high risk for vitamin

D insufficiency. Moreover, lower iron and transfarsaturation levels appeared to be associated
with FA. This underscores the need for close momigpoby a physician/dietitian team for proper
management of children with FA to ensure they rtest nutritional and vitamin needs as well
as to determine standardized algorithms for vitainiesting that go beyond clinician suspicion

for nutritional deficiency.
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