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Abstract
BACKGROUND—Season of birth has been reported as a risk factor for food allergy, but the
mechanisms by which it acts are unknown.

METHODS—Two populations were studied; 5862 children from the National Health and
Nutrition Examination Survey (NHANES) III, 1514 well-characterized food allergic children from
the Johns Hopkins Pediatric Allergy Clinic (JHPAC). Food allergy was defined as self report of an
acute reaction to a food (NHANES), or as milk, egg and peanut allergy. Logistic regression
compared fall or non-fall birth between (1) food allergic and non-allergic subjects in NHANES,
adjusted for ethnicity, age, income and sex, and (2) JHPAC subjects and the general Maryland
population. For NHANES, stratification by ethnicity and for JHPAC, eczema, was examined.

RESULTS—Fall birth was more common among food allergic subjects in both NHANES (OR:
1.91, 95%CI: 1.31–2.77) and JHPAC/Maryland (OR: 1.31, 95%CI: 1.18–1.47). Ethnicity
interacted with season (OR 2.34, 95%CI 1.43–3.82 for Caucasians, OR 1.19, 95%CI 0.77–1.86 for
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non-Caucasians, p=0.04 for interaction), as did eczema (OR 1.47, 95%CI 1.29–1.67 with eczema,
OR 1.00, 95%CI 0.80–1.23 without eczema, p=0.002 for interaction).

Conclusions—Fall birth is associated with increased risk of food allergy, and this risk is
greatest among those most likely to have seasonal variation in vitamin D during infancy
(Caucasians) and those at risk for skin barrier dysfunction (subjects with a history of eczema),
suggesting that vitamin D and the skin barrier may be implicated in seasonal associations with
food allergy.
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Introduction
Food allergy is common, affecting an estimated 3–8% of children in the US (1–3). Much of
the etiology of food allergy is unclear, including the environmental factors which may
contribute to risk. Variations in microbial exposures (4, 5), vitamin D exposure(5–8), and
diet (9–14) have all been proposed as possible contributors to the development of food
allergy. One environmental determinant of food allergy risk, the relative excess of fall (and
sometimes winter) birthdays among food allergic patients, may shed light on these potential
influences on food allergy. This association has been sporadically reported throughout the
world, including the US (15–19), although not from nationally representative data in the US.

The reasons why fall or winter birth might be associated with food allergy are not known. It
has been assumed that relative vitamin D deficiency mediates this relationship, although this
has not been specifically confirmed (8). Another plausible theory is that decreased UV light,
alone or through its effects on vitamin D, results in increased skin inflammation and
compromised skin barrier at a critical point for the development of food allergy. Because
Caucasians have more seasonal variation in vitamin D than darker skinned populations, a
stronger association would be expected in this group if vitamin D is the mechanism. Here
we explore these theories by (1) evaluating whether there is a relationship between season of
birth and risk of food allergy in two large datasets, (2) examining whether associations with
season vary by ethnic group, and (3) examining whether eczema interacts with season to
affect the risk of food allergy.

Methods
Study populations

Two study populations were used: the National Health and Nutrition Examination Survey III
(NHANES III) and the Johns Hopkins Pediatric Allergy Clinic (JHPAC).

NHANES III—NHANES III is a publicly available, complex, multi-stage survey of the non-
institutionalized U.S. population aged 2 months and over that was conducted by the Centers
for Disease Control and Prevention (CDC) between 1988 and 1994. Questionnaires were
initially administered on visits to the subject’s home, with follow-up laboratory and physical
examination in a mobile van. NHANES data collection was approved by the Institutional
Review Board of the National Center for Health Statistics, Centers for Disease Control and
Prevention, and informed consent was given by all participants. Young children, older
persons, black persons and Mexican Americans were over sampled. For this analysis,
subjects aged 17 or younger were included. Age, race/ethnicity, family income ratio (the
ratio of the family’s income to the poverty level), and gender were included as possible
confounders. Data on clinical history of eczema were not collected in this sample.
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JHPAC—Data was retrospectively collected from patient charts on pediatric subjects (aged
<21 at first clinic visit) as was previously described in three reports on the natural history of
food allergy that focused on egg (20), milk (21) and peanut allergy (22). Some subjects
overlapped between these studies, but they were only represented once here. Besides history
of the relevant allergy, other data collected included sex, age, and history of asthma, allergic
rhinitis and eczema. This population is overwhelmingly Caucasian, and race/ethnicity data
were not systematically collected. In order to assess how the season of birth of subjects who
presented to the allergy clinic with food allergy compared to the general Maryland
population, data was taken from the US census’s birth records for Maryland for the years
1990–2005 (23).

Definition of allergy
NHANES III—Food allergy was defined as a positive answer to the following question:
“within an hour after eating something has [the subject] ever had a severe reaction, such as
itching all over, trouble breathing, flushing, hives, or swelling of the face or hands or feet?”
Supporting IgE information was not available.

JHPAC—Milk and egg allergy were defined as a history of IgE mediated symptoms clearly
associated with exposure to milk or egg with a positive skin prick test or serum specific IgE
(>0.35 kUa/l) test to the respective food. Peanut allergy was defined as a history of IgE
mediated symptoms clearly associated with exposure to peanut, or if no history of exposure
to peanut, a peanut IgE >14 kUa/L without known tolerance to peanut. In addition, this
sample only included subjects whose peanut allergy had not resolved during the observation
period.

Statistical Methods
All analyses were performed using STATA/SE 11. For the NHANES data, logistic
regression was performed to model the odds of history of food allergy according to season
of birth. Based on exploratory analyses of the NHANES data, season of birth was defined as
fall (September, October or November) or non-Fall. Ethnicity, categorized as Caucasian or
non-Caucasian (including Hispanic, African-American and other), was assessed as a
potential modifier of the association between season and food allergy. Analyses were done
using the replicate weights provided with the dataset to minimize technical difficulties with
small strata.

In order to assess whether the distribution of birthdays among those diagnosed with food
allergy at the Johns Hopkins Pediatric Clinic deviated from expected, we estimated the
expected distribution of birth months in the general population by collating data on the
months of birth of all infants born in Maryland from 1990 to 2005. This time frame covered
>95% of the births among our cohort (total range of clinic birth years 1979–2006). We then
made the assumption that the clinic cohort was drawn from this larger cohort of Maryland
births, and that all babies born in this cohort would have been at risk for presenting to the
clinic, had they developed food allergy. Thus, the outcome of this analysis was the odds of
being diagnosed with food allergy in this clinic according to season of birth. Because
clinical data was not available for the general Maryland population, in order to determine if
eczema diagnosis was related to season of birth among our participants, history of eczema
was modeled as the outcome among our population of food allergic children, with season of
birth as the predictor using logistic regression. A p-value of ≤0.05 was considered
significant.
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Results
Baseline Characteristics

NHANES III (Table I)—5862 children had non-missing data for all covariates and were
included in the analysis. Table 1 shows their demographic characteristics. An estimated 7%
of the population reported a history of a reaction to a food.

JHPAC (Table II)—1514 children were diagnosed with milk, egg and/or peanut allergy.
Table 2 shows their demographic characteristics. The dates of birth of these children were
compared to 1,114,701 births in Maryland between 1990 and 2005.

Being born in the fall increases the odds of food allergy
NHANES III (Table III, Fig 1)—In adjusted analyses, the odds of a history of food
reaction was 1.91 times higher (95% for OR: 1.31–2.77) among those born in the fall.
Neither history of doctor diagnosed asthma (OR 0.98, 95% CI 0.79–1.22, p=0.86) nor
allergic rhinitis (OR 1.12, 95% CI 0.87–1.45, p=0.37) were associated with fall birth,
although each disease had its own distinct seasonal trend. Asthma was less common among
those born in the spring (OR 0.69, 95% CI 0.55–0.86, p=0.002), while allergic rhinitis
tended to be more common among those born in the spring (OR 1.31, 95% CI 0.90–1.92,
p=0.16), although this was not statistically significant.

JHPAC (Table IV, Fig 2)—The odds of being diagnosed with food allergy by our clinic
were 1.32 times higher (95% CI for OR: 1.18–1.47) among those born in the fall.

This relationship is modified by ethnicity
NHANES III (Table III, Fig 1)—As is seen in table 3, ethnicity modified the relationship
between season of birth and food allergy. Fall birth was only a risk factor for food allergy
among Caucasians (OR 2.34, 95% CI 1.43–3.82, compared to OR 1.19, 95% CI 0.77–1.86
among non-Caucasians, p=0.04 for interaction). As described above, there was insufficient
ethnic diversity in the Johns Hopkins Clinic to examine ethnicity in this group.

This relationship is only found among those with eczema
JHPAC (Table IV, Fig 2)—As is seen in table 3, fall birth was only a risk factor for food
allergy among those with a history of eczema (OR 1.47, 95% CI 1.29–1.67, compared to OR
1.00, 95% CI 0.80–1.23 among those without eczema, p=0.002 for interaction). There was
no interaction between a history of either asthma or allergic rhinitis and fall birth on food
allergy risk (p=0.62, and p=0.98, respectively). Eczema data was not available for NHANES
III.

Discussion
In this study, we examined relationships between season of birth and food allergy in two
large populations; a nationally representative sample of more than 5000 children and a large
population of food allergic patients from a referral clinic. We found a strong relationship
between birth in the fall and odds of food allergy in both populations; those born in the fall
were 30–90% more likely to develop food allergy than those born in other seasons. In
addition, we found from the NHANES database that this association was restricted to
Caucasians and that the association between food allergy and season was only present
among those with a history of eczema in the clinic population where the patients’ atopic
phenotype was more fully characterized.
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Several hypotheses for the association between season and food allergy and other atopic
diseases have been proposed, including pre- and post- natal allergen exposure (15, 16, 24–
29), viral infection (30) and relative vitamin D deficiency (6, 17). Because the critical time
period for development of most allergic diseases is not known, and because season is only a
proxy for the underlying causal factor, the mechanism by which season of birth is associated
with allergy is difficult to determine with certainty. In addition, it is unlikely that there is a
single seasonal factor which underlies increased risk of all allergic diseases, given that the
seasonal pattern and biology vary among the diseases. For asthma, elegant analyses have
demonstrated that an increased risk of disease is conferred upon children born 4 months
prior to the peak winter virus season, and that the timing of this risk varies with yearly
variations in virus peak (30). For allergic rhinitis, increased prevalence has been reported in
those born in during the pollen season among several populations (15, 16, 24–29), a finding
attributed to the effects of early exposure to pollen allergens. For eczema, data are more
sparse, with several studies showing no seasonal relationship (27, 31, 32), but one from
Japan showing increased rates among those born in the fall (33). For food allergy, previous
studies reported increased risk with fall/winter birth (15, 17, 19). Here, fall birth conferred a
higher risk of food allergy than winter birth in both populations, although the difference was
only significant in the NHANES population (data not shown). Because children born in the
fall (and to a lesser extent, winter) potentially have less UV exposure and lower vitamin D in
early life, and because vitamin D has widespread immune effects, vitamin D has been cited
most commonly as the mechanism of seasonal variation in food allergy (8, 17–19).

The role of relative vitamin D deficiency in general in the development of allergic diseases
is controversial. Epidemiologic studies have associated vitamin D deficiency with a wide
range of allergic diseases, including asthma (34, 35) and food allergy/sensitization (7, 36),
although some have suggested that vitamin D may actually increase the risk of allergic
diseases (37–42). Recently the Institute of Medicine (United States) stated that there is
insufficient evidence to recommend vitamin D supplementation for any non-bone related
disease (43), and the role of vitamin D remains hotly contested.

Here we explored the hypothesis that vitamin D may be involved in the relationship between
fall birth and food allergy by investigating how this relationship interacts with ethnicity.
Because approximately 5–10 times more sun exposure is required to produce the same
amount of vitamin D in African-Americans and other dark skinned minorities compared to
Caucasians (44), seasonal variations in vitamin D may be less pronounced in darker skinned
populations (45, 46). Thus, finding that fall birth was a risk factor for food allergy only in
those with potentially high seasonal variation in infancy (i.e., Caucasians) is consistent with
the theory that vitamin D is a mediator of the seasonal distribution of food allergy. However,
other explanations, such as an increased genetic susceptibility among Caucasians for other
reasons to the seasonal factor and the joint influence of other environmental differences
between these populations, cannot be excluded.

We then examined whether the relationship varied according to the presence of eczema. Our
finding that fall birth was a risk factor only among those with a history of eczema suggests a
hypothesis that sun exposure in early life may protect against skin inflammation, thereby
protecting against food allergy during a critical period in development. This theory is
biologically plausible; the first 3–6 months of life are thought to be critical for future
development of food allergy, with eczema that manifests during this period, but not others,
associated with later food allergy (47). Although the hypothesis that food sensitization
occurs through the skin remains controversial (48), evidence for this hypothesis has been
mounting, including animal models of skin sensitization (49–55), human epidemiologic
studies (56, 57), and, finally, new evidence that primary genetic defects in skin barrier are
associated not only with eczema (58) but also with risk of peanut allergy (59). If impaired
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skin barrier leads to food allergy, then UV light and vitamin D are likely to modify this path.
UV light has been shown to decrease the ease of both IgE and hapten-mediated sensitization
through the skin in animal models (60–64), and cutaneous exposure to ovalbumin after UV
exposure results in the generation of antigen specific T regulatory cells and the induction of
systemic tolerance (65). Vitamin D, whether applied locally, or given systemically, also
improves skin inflammation in both mouse and human models (66–69). Finally, our findings
that decreased risk of food allergy associated with non-fall birth is only found in those who
had impaired skin barrier at some point in childhood (i.e. had a history eczema) points to the
pathway we propose. However, there are other pathways that could also be plausible,
including alterations in the gut microbiome by season (8) that could potentially modify the
relationship between eczema and food allergy.

There are several limitations to our analyses. First, the definition of food allergy may be
imprecise in both of our populations. The NHANES III data did not contain laboratory tests
to confirm the history of food allergy; NHANES 2005–6 did have IgE, but no clinical data,
for food allergy, and did not have freely available season of birth data. In general, food
allergy is over-reported (70), although the question used here to determine history of food
allergy may have more specificity than other surveys and the overall prevalence of food
allergy using this definition is only slightly higher than other estimates from other NHANES
surveys that instead used food-specific IgE to estimate rates (2). In our clinic population,
diagnosis was made by a combination of history and confirmatory testing, but not all
subjects received a food challenge. Thus it is possible that some subjects were misclassified
in both populations. However, we would expect that any misclassification of food allergy
would be non-differential by season of birth, leading to a bias to the null in our analyses.
Other limitations include that there was insufficient ethnic variability in the clinic population
to confirm the interaction with Caucasian race/ethnicity and season that we found in
NHANES. Similarly, this NHANES dataset had no data about history of eczema or other
rashes, so we could not confirm our findings from the clinic population about eczema.
Finally, for eczema, our data could be consistent with either the theory that season affects
the risk of eczema, thus indirectly affecting the risk of food allergy, or that it directly affects
the relationship between eczema and food allergy. Other studies with more detailed
information about both eczema and food allergy in early life will be needed to answer this
question.

This study represents the first time that season of birth has been tied to food allergy in a
nationally representative sample of the US. In addition, we found that the seasonal
association with food allergy was only seen among Caucasians and children with eczema.
Based on these findings we propose a theory that fall birth increases the risk of food allergy
by leading to decreased vitamin D during a critical time for development of food allergy,
and further hypothesize that decreased vitamin D may increase the risk of food allergy by
increasing the risk for skin barrier impairment during that critical time. More research
during the early life period to test these hypotheses will be needed to determine the true
mechanisms of the association of fall birth with food allergy.
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Figure 1.
Proportion of children in the NHANES dataset born in each month reporting food allergy,
by month of birth and ethnic status.
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Figure 2.
Proportion of Maryland births from 1990–2005 presenting to the JH allergy clinic with food
allergy, by eczema status.
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Table I

Baseline Characteristics: NHANES III

No history of food reaction (5578) History of food reaction (284) P value for comparison

Median Age, (range) 8.3 (8.2–8.5) 9.7 (9.1–10.3) 0.001

Gender (% female) 48.9% 44.6% 0.45

Race/ethnicity (%white) 63.8% 68.8% 0.25

Income 2.25 2.21 0.83

Allergy. Author manuscript; available in PMC 2013 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Keet et al. Page 14

Table II

Baseline characteristics for JH Pediatric Allergy Clinic

Number of subjects 1514

Median Year of Birth, range 2000 (1979–2005)

Gender (% female) 29%

History of Eczema 70%

History of Asthma 52%

History of Allergic rhinitis 51%

Represented in peanut database 51%

Represented in milk database 56%

Represented in egg database 26%%

Represented in all three databases 5%
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Table IV

Relationship between fall birth and food allergy, stratified by eczema history, among subjects in NHANES III.

JH Allergy Clinic

OR (95% CI) for diagnosis of milk, peanut or egg allergy at JH clinic, p value

Overall Among those without Eczema Among those with Eczema Interaction p value

Comparing fall to non-fall
birth

1.31 (1.18–1.47), p<0.001 1.00 (0.80–1.23), p=0.97 1.47 (1.29–1.67), p<0.001 0.002
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