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Abstract
Background—The prevalence of food allergy is rising and etiologic factors remain uncertain.
Evidence implicates a role of vitamin D in the development of atopic diseases. Based on seasonal
patterns of UVB exposure (and consequent vitamin D status), we hypothesized that food allergy
patients are more often born in fall or winter.

Objective—Investigate whether season of birth is associated with food allergy.

Methods—We performed a multicenter chart review of all patients presenting to three Boston
emergency departments (EDs) for food-related acute allergic reactions between 1/1/01 and 12/31/06.
Months of birth among food allergy patients were compared to those of patients visiting the ED for
reasons other than food allergy.

Results—We studied 1,002 food allergy patients. Among younger children with food allergy (age
<5 years) – but not among older children or adults – 41% were born in spring/summer compared to
59% in fall/winter (P=0.002). This approximately 40/60 ratio differed from birth season of children
treated in the ED for non-food allergy reasons (P=0.002). Children <5 years old born in fall/winter
had a 53% higher odds of food allergy compared to controls. This finding was independent of the
suspected triggering food and allergic comorbidities.

Conclusions—Food allergy is more common in Boston children who were born in the fall and
winter seasons. We propose that these findings are mediated by seasonal differences in UVB
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exposure. These results add support to the hypothesis that seasonal fluctuations in sunlight and
perhaps vitamin D may be involved in the pathogenesis of food allergy.
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Key Messages

• Birth in fall or winter is more common among Boston children with food allergy

• Low UVB exposure and vitamin D insufficiency may contribute to the
pathogenesis of food allergy in early childhood.

Introduction
Atopic diseases are a growing problem worldwide.1 Food allergy (FA), for example, currently
affects 2-6% of children and 1-3% of adults,2, 3 and appears to be rising, based on
epidemiologic studies in the UK, USA and Australia.4-7 In general terms, atopic diseases are
the consequence of maladaptive immune responses to environmental substances – such as
pollens, fungal spores, dust mites or foods. Some of the common pathologic features include
an imbalance of the immune system with a Th2 bias and production of antigen-specific IgE
antibodies. Developmentally, the first signs of atopic disease are usually atopic dermatitis and
FA which present in early childhood and may persist for decades. There is growing evidence
that programming of the atopic phenotype is influenced in the antenatal, perinatal and infant
periods.8, 9 Nevertheless, and similar to other atopic conditions, a complete model of the risk
factors and pathogenesis of FA remains elusive. Some of the risk factors for the development
of FA include genetic predisposition, atopic diathesis and acidity of the gut.10, 11

In 2007, Camargo and colleagues proposed that vitamin D status might also influence risk of
FA/anaphylaxis after making the observation of a strong north-south gradient in EpiPen
prescription rates in the United States.12 A similar finding has recently been confirmed in
Australia13 and a similar latitudinal gradient identified in hypoallergenic formula prescriptions
in that country.14 Several lines of evidence link ultraviolet light B (UVB) sunlight exposure
and/or vitamin D status to atopic disorders.15-19 Because UVB exposure and vitamin D status
are strongly related to season at higher latitudes,20 with lowest levels of both observed during
the late fall and winter seasons, we hypothesized that a higher percentage of Boston patients
with FA would be born in the fall and winter seasons. To examine this novel hypothesis, we
investigated whether (1) season of birth (SoB) might be associated with FA in a broad group
of patients presenting to three Boston emergency departments (EDs), and (2) if such an
association were identified, would it differ by age at presentation, suspected triggering food
allergen, or presence of co-morbid allergic conditions.

Methods
Study design

We created a cohort of patients by reviewing all cases of FA presenting to the EDs of Brigham
and Women's Hospital (adults), Children's Hospital Boston (children) and Massachusetts
General Hospital (adults and children) between January 1, 2001 and December 31, 2006.
Patients with FA were initially identified by screening hospital billing databases with
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes indicative of food-related allergic reactions. The codes used were 995.60 (anaphylactic
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shock due to unspecified food), 995.61-995.69 (anaphylactic shock due to specified food),
995.0 (other anaphylactic shock), 693.1 (dermatitis due to food), 995.7 (adverse food reaction,
not otherwise classified), 558.3 (allergic gastroenteritis), and 692.5 (contact dermatitis due to
food). In addition, random samplings of the codes 995.3 (allergy, unspecified), 995.1
(angioedema) and 708.X (urticaria) were reviewed to identify possible additional cases of food-
related acute allergic reactions within these more non-specific allergy codes. These ICD-9-CM
diagnosis codes have been identified by our group as effective in capturing FA cases.21 The
study was approved by the Institutional Review Boards (IRB) of all three institutions and
granted a waiver of consent/authorization for this administrative database study.

Data collection
A structured chart review was performed using a data abstraction form which included birth
date, date of visit, age, sex, race/ethnicity, past medical history, patient-reported co-morbid
allergic conditions (prior allergic reactions, asthma, hay fever, atopic dermatitis, hives, and
angioedema), suspected triggering food allergen(s) (peanut, tree nuts, seeds, fruits and
vegetables, crustaceans, fish, food additives, milk products, eggs, wheat, other), clinical signs
and symptoms, ED presentation, and treatment in the ED. All charts were reviewed by
physicians and verified by an allergist/immunologist for both accuracy and internal
consistency. A food-related acute allergic reaction was defined as an acute episode of IgE-
mediated symptoms (such as urticaria, bronchospasm, hypotension, vomiting, etc.) in which
the onset was uniquely and temporally related to exposure to a known or suspected food
allergen. Cases not consistent with FA (such as those with inadequate documentation of history
and/or physical exam, recent initiation of a new medication, concurrent infectious illnesses,
non-urticarial rashes or prolonged symptoms >24hrs after consumption of suspected foods)
were excluded from this study. A diagnosis of anaphylaxis was assigned if documentation was
consistent with the criteria outlined by the National Institute of Allergy and Infectious Disease/
Food Allergy and Anaphylaxis Network Symposium.22

Age determination and season of birth
The first documented ED visit was used to calculate age, as some patients had multiple ED
visits over the 6-year study period. Subsequent presentations were not included in the final
dataset (i.e., each person contributed once to the association between season of SoB and FA).
SoB were categorized as spring (March, April, May), summer (June, July, August), fall
(September, October, November) and winter (December, January, February). For sensitivity
analyses, data were combined into pre-specified sunlight exposure groups of light (spring and
summer) and dark (fall and winter). Age groups were pre-specified prior to analysis.

Control groups
Three control groups were used for comparison with the FA cohort: 1) all children with non-
FA-related ED visits at Children's Hospital Boston and Massachusetts General Hospital; 2) all
births in Boston; and 3) all births in Massachusetts. For each control group, data were obtained
from 2004 because it is mid-way through the 6-year study period. If a patient had more than
one visit during 2004, only the first visit was included to match the methodology used in the
compilation of cases.

Statistical Analysis
Data analysis was performed using STATA 10.0 (StataCorp, College Station, Texas). Subjects
were included in our analysis only if they had an ICD-9 code indicative of an acute food-related
allergic reaction. To identify potential cases of FA we used a stratified sampling method
reflecting the population of patients treated in the ED with general ICD-9 codes (995.1 –
angioedema, 995.3 anaphylaxis and 708.X). Using the survey module in STATA 10.0, sample
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weights were assigned to account for unequal probabilities of selection, over-sampling, and
non-response.

Data are expressed as mean (standard deviation [SD]), median (interquartile range [IQR]), and
proportion (95% confidence interval [CI]). Comparisons across SoB and between the ED
population and the general population were evaluated using Chi-square tests. Odds ratios (OR)
comparing these populations are presented with binomial 95%CI. A two-sided P <0.05 was
considered statistically significant.

Results
Season of birth is associated with food allergy in children

We studied 1,121 patient visits for documented food-related acute allergic reactions presenting
to the three Boston hospital EDs. Of these 1,002 were unique patients. The age range of the
patients was 2 months to 94 years, with a median age of 15 years (IQR, 3 - 31 years). Half of
the cohort was female and 48% were white. 47% of patients had a known allergy to the
suspected offending allergen. Eighty eight percent of patients arrived to the ED within six hours
after exposure to a suspected food allergen. The most common suspected triggers of the
presenting reaction were peanuts (22%), tree nuts (19%), and shellfish (14%). Of these patients,
60% met criteria for anaphylaxis, and 62% had at least one or more documented co-morbid
allergic condition at presentation (e.g., prior allergic reactions 61%, history of asthma 44%,
atopic dermatitis 23%, hay fever 15%).

A larger percentage of children with FA had birthdates in fall or winter than spring or summer
(Fig 1A). In children age <5 years with FA, the seasonal distribution of births was spring 20%,
summer 21%, fall 28%, and winter 31% (P=0.01). When SoB was combined into pre-specified
groups of higher and lower UVB exposure (i.e., spring/summer [light] and fall/winter [dark]),
we found that 41% of children age <5 years with FA were born in light seasons compared to
59% in dark seasons, (Fig 2, P=0.002). A case-control analysis of patients age <5 years (in all
years including 2004) revealed that fall/winter birth was associated with 53% higher odds of
having FA (OR 1.53; 95%CI 1.22-1.92; P=0.002). Among older children and adults with FA,
the seasonal association was not observed except in the subset of adults with FA and asthma
(43% vs. 57%; P=0.09).

Absence of fall/winter predominance in control groups
No fall/winter predominance in the birth months of patients presenting to the ED for non-FA-
related reasons was identified among those age <18 years (P=0.87). There actually was a slight
excess of summer births among the children age <5 years with a non-FA-related ED visit (Fig
1B, P<0.001). The summer predominance also was present for overall births in Boston
(P=0.03) and Massachusetts (P<0.001) (Fig1B).

Seasonal association was not influenced by suspected food allergen trigger or comorbid
allergic conditions

Although statistical power was limited, we observed a similar ratio of light/dark season births
(∼40% vs. ∼60%) among patients age <5 years presenting with a suspected dietary trigger
(Table 1), regardless of whether this was peanut, tree nut or egg. History of any allergic co-
morbid condition (e.g., asthma, atopic dermatitis, or hay fever) at presentation also did not
modify the SoB-FA association (Table 1).

Comparing SoB among subgroups of FA children age <5 years (versus all children with a non-
FA-related ED visit), we found consistent evidence that fall/winter birth was associated with
∼50% higher odds of having FA (Table 1).

Vassallo et al. Page 4

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
In an ED-based cohort of FA patients in Boston, we found that birth in fall or winter was
associated with FA in children aged <5 years but not in older age groups. This rather simple
but novel finding expands on the known risk factors associated with development of FA. In
prior studies we have observed that a higher absolute latitude – in both northern and southern
hemispheres – is a risk factor for FA/anaphylaxis as measured by rates of epinephrine
autoinjector prescriptions,12, 13 anaphylaxis admissions,12, 13 and infant hypoallergenic
formula prescriptions.14 Sheehan and colleagues recently expanded on this work by describing
a similar association between latitude and food-related anaphylaxis admissions in US children.
23 Taken together, these findings suggest a potential role for UVB exposure and/or vitamin D
insufficiency in the pathogenesis of FA in children. Although we are confident of the SoB-FA
association in our cohort, we readily acknowledge that other factors such as infections, maternal
and infant dietary patterns, and exposure to indoor pollutants may contribute to FA
pathogenesis and the observed seasonal patterns. Lessening the likelihood of these factors
being the dominant explanation for the influence of SoB is that unlike vitamin D, none has
been as closely linked to risk of atopic diseases. Additional studies will be necessary to address
this specifically.

To examine the robustness of our finding, we examined the SoB-FA association in several
subgroups. Although statistical power was limited, we identified a consistent association in
patients <5 years presenting with an acute allergic reaction attributed to a suspected food
allergen trigger. We recognize that children classified under a specific allergen (e.g., milk)
might also be allergic to another food (e.g., concurrent peanut allergy) and this may biologically
underly the presenting food allergic reaction. Confirmatory testing was not a feasible and part
of this study and the present study cannot rule-out that the SoB-FA finding is more (or less)
important for particular food allergens. The presence of co-morbid allergic conditions did not
influence the SoB-FA ratio of ∼40% vs. ∼60% of light/dark season births in patients <5 years.

Interestingly, the only association of SoB in adult FA patients was in the group reporting a
concomitant diagnosis of asthma. This raises the possibility that there may be an extended
influence of UVB exposure and/or vitamin D insufficiency on the pathogenesis of lifelong
asthma per se12, 13 – a topic that goes beyond the scope of this report. FA can develop during
adulthood and it is possible that late-onset FA has a different pathogenesis than that seen in
children. However, the general absence of a SoB-FA association in adults does not exclude a
role for UVB/vitamin D in development of FA in adulthood.

An association of SoB and risk of disease years later is not unprecedented. For example, SoB
has been linked with risk of several immune-mediated diseases including multiple sclerosis
and Crohn's disease in adults.25, 26 In addition, risks of multiple sclerosis and Crohn's disease
have also been associated with latitude, further implicating a role of UVB and vitamin D in
these conditions.25, 27 Birth month has been associated with risk of atopic dermatitis, recurrent
wheezing and aeroallergen sensitization in childhood, suggesting that exposure to seasonal
allergens in an early developmental period may contribute to the development of atopic disease.
28-31 Of particular relevance to our study is an association between birth in fall or winter and
food allergen-specific IgE in children less than one year of age.32, 33 In a population of infants
at high risk for atopic diseases fall/winter birth was associated with elevated cord blood total
IgE levels, and increased IgE levels in cord blood were in turn associated with a > 3-fold
incidence of urticaria due to FA by twelve months of age.34

We speculate that vitamin D may be the factor that mediates the observed association between
SoB and childhood FA as there is inadequate UVB intensity for synthesis of active vitamin
between the months of November and April in Boston.35 Studies have observed associations
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between vitamin D receptor polymorphisms and risk of atopic disease.36, 37 The mechanisms
by which vitamin D could contribute to the prevention of FA include the promotion of
maturation from the natural Th2 bias of the newborn, development of the adaptive immune
system, effective management of infections, and healing of inflamed tissues. Vitamin D is
known to have immunomodulatory effects on both Th1 and Th2 responses and affect
production of the tolerogenic cytokine IL-10.18, 38 Birth in low UVB exposure months has
been associated with lower cord blood levels of vitamin D and the tolerogenic cytokine
IL-10.39, 40

Our study has several potential limitations. The analysis was cross-sectional and not
longitudinal which limited the amount of information available to us. With >1,000 total
subjects, and a P value of 0.002 for light/dark seasons in the primary group of interest (children
<5 years), we believe that the findings are not due to chance. The absence of a detectable
association in many patients (FA patients >5 years), and absence of a fall/winter finding in
three control groups, reinforces that our methods are sound and that the results are not due a
systematic study error.

Similar to other cross-sectional studies of FA, this study was not designed to gather
confirmatory information on specificity of food-allergen trigger or actual number of specific
food allergies in patients. Such information could be gathered in future studies by evaluation
of specific IgE antibodies, skin prick testing and double blind-placebo controlled challenges.
It is possible that a fraction of cases were in actuality not food-related but these would have
been a minority and their inclusion would be expected to obscure, rather than create, an
association. Our approach identified a relatively “pure” cohort of FA cases but information in
the medical record was subject to limitations related to documentation (such as the condition
of asthma is more likely to documented by an ED provider than, for example, hay fever).

The slight excess of summer births in the control groups was consistent with a national trend
of slightly more births in the summer.41 Combining month of birth into seasons and light/dark
groups was necessary for statistical analysis. We acknowledge that these are broad time periods
but implemented grouping based on actual seasonal UVB exposure in the Boston area.42 It
would be expected that any artifactual impact of such grouping would be to mask an association
rather than expose one. It is possible that the pre-specified age groups may obscure additional
information but doing so was necessary to permit sufficiently powered calculations and, as
noted for the grouping of birth months and seasons, are unlikely to create an association.

We identified a large number of FA patients seeking care in the ED and believe them to be
representative of FA patients in general. Even though a large percentage of patients met criteria
for food-related anaphylaxis, the magnitude of the association of SoB was similar to that
observed in patients that did not meet criteria for anaphylaxis. To more broadly apply our
findings, it will be helpful to replicate this study in other populations and at different global
latitudes. Our vitamin D-FA hypothesis assumes that patients in this study born in fall or winter
have lower vitamin D levels or predicts a trajectory of low vitamin D levels. Additional studies
will need to pursue this specifically. The strong influence of season on vitamin D status in
Boston20 suggests that our inference is sound. With regards to vitamin D contributing to the
trend of increasing FA, data in adults (which is likely reflective of children) suggests that
vitamin D insufficiency in the U.S. has become more common over the past 20 years.43

Examination of the role of vitamin D could be addressed by future studies designed to measure
serum 25-hydroxyvitamin D levels at different developmental time periods and make
assessments of food-specific IgE antibodies, skin prick testing, clinical FA and ex vivo immune
system function.
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In summary, we found that birth in fall/winter was 50% more common among children <5
years with FA compared to birth in spring/summer. This finding adds to an increasing body of
evidence that UVB exposure and/or vitamin D insufficiency may be involved in the
pathogenesis of FA. Our findings, combined with the current understanding of risks of atopy,
suggest that dysfunction during critical periods of immune system development may have
persistent consequences. The model of UVB/vitamin D insufficiency contributing to
development of an atopic phenotype suggests a potential opportunity for primary prevention.
However, until results are available from prospective randomized controlled trials that formally
test the vitamin D-FA hypothesis, it would be premature for parents to disregard current policies
regarding safe sun exposure or to increase vitamin D intake for the specific prevention of food
allergy.
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FA food allergy

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical Modification

SE standard error

SoB season of birth

UVB ultraviolet light B
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FIG 1.
A, Seasonal variation in birth dates among food allergy patients treated in the emergency
department (ED), by age group. B, Seasonal variation in birth dates of patients presenting to
the ED for reasons other than food allergy (age <5 years), in all Boston births, and in all
Massachusetts births.
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FIG 2.
Distribution of food allergy patients according to birth in light (spring/summer) versus dark
(fall/winter) periods, by age group.
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TABLE 1

Distribution of seasons of birth and odds ratios among children with food allergy age <5 years by suspected food
allergen and co-morbid condition.

Fall/winter Spring/summer OR* (95% CI)

Food allergy cases (n=330) 59% 41% 1.53 (1.22 – 1.92)

Non-food allergy controls (n=17,658) 48% 52% --

By Suspected Food Allergen

 Peanut (n=102) 60% 40% 1.59 (1.05 – 2.43)

 Tree nut (n=58) 59% 41% 1.52 (0.87 – 2.67)

 Milk (n=62) 61% 39% 1.69 (0.99 – 2.96)

 Egg (n=31) 58% 42% 1.48 (0.69 – 3.29)

By Comorbid Condition

 Any allergic condition** (n=206) 60% 40% 1.62 (1.21 – 2.17)

 Asthma (n=64) 58% 42% 1.47 (0.87 – 2.51)

 No Asthma (n=142) 61% 39% 1.69 (1.19 – 2.42)

*
The odds ratio describes the odds of food allergy for children born in fall/winter (compared to spring/summer) using different case groups.

**
Includes history of prior allergic reactions, asthma, hay fever, atopic dermatitis, hives, and angioedema.
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