National prevalence and risk factors for food allergy and
relationship to asthma: Results from the National Health and
Nutrition Examination Survey 2005-2006
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Background: The national prevalence and patterns of food
allergy (FA) in the United States are not well understood.
Objective: We developed nationally representative estimates of
the prevalence of and demographic risk factors for FA and
investigated associations of FA with asthma, hay fever, and eczema.
Methods: A total of 8203 participants in the National Health
and Nutrition Examination Survey 2005-2006 had food-specific
serum IgE measured to peanut, cow’s milk, egg white, and
shrimp. Food-specific IgE and age-based criteria were used to
define likely FA (LFA), possible FA, and unlikely FA and to
develop estimates of clinical FA. Self-reported data were used to
evaluate demographic risk factors and associations with asthma
and related conditions.

Results: In the United States, the estimated prevalence of
clinical FA was 2.5% (peanut, 1.3%; milk, 0.4%; egg, 0.2%;
shrimp, 1.0%; not mutually exclusive). Risk of possible FA/LFA
was increased in non-Hispanic blacks (odds ratio, 3.06; 95% CI,
2.14-4.36), males (1.87; 1.32-2.66), and children (2.04; 1.42-2.93).
Study participants with doctor-diagnosed asthma (vs no
asthma) exhibited increased risk of all measures of food
sensitization. Moreover, in those with LFA, the adjusted odds
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ratio for current asthma (3.8; 1.5-10.7) and an emergency
department visit for asthma in the past year (6.9; 2.4-19.7)
were both notably increased.

Conclusion: Population-based serologic data on 4 foods
indicate an estimated 2.5% of the US population has FA,
and increased risk was found for black subjects, male subjects,
and children. In addition, FA could be an under-recognized
risk factor for problematic asthma. (J Allergy Clin Immunol
20103126:798-806.)

Key words: Asthma, eczema, egg, food allergy, food sensitization,
food-specific serum IgE, peanut, hay fever, milk, prevalence, risk,
shrimp

Food allergy (FA) is a large and growing public health problem
in the United States. Previous studies have estimated that US FA
prevalence may be nearly 4%." Targeted studies have also found
evidence of higher risk of FA among non-Hispanic black subjects
and associations between FA and asthma.”* As awareness of the
problem continues to grow, child day cares, schools, and public
institutions are developing protective policies and health pro-
grams. Public institutions are also prioritizing funding for FA
research.

A comprehensive population-level study on the prevalence of
and risks associated with FA in the United States would inform
these public health efforts. The overall magnitude of the problem
has been difficult to estimate, however, because of the lack of a
representative nationwide sample of the total population together
with an objective, clinical approach to measuring and defining
FA. Many reports have focused on specific subpopulations or
foods or depended on self-reported or clinical manifestations of
FA, possibly excluding those with atypical or unrecognized
symptoms.5 7

Knowledge of the clinically measured, national prevalence of
FA and the identification of populations at risk is needed to enable
public health policy makers and care providers to prioritize,
allocate resources, and develop plans to recognize and treat FA
better. Furthermore, evidence suggests that FA is associated with
and may exacerbate other immune-mediated conditions. This
association has not been confirmed in a nationally representative
population.

The National Health and Nutrition Examination Survey
(NHANES) recently completed the first objective serologic
measurement of food sensitivity in a representative sample of
the US population. Branum and Lukacs” previously reported the
prevalence of detectable IgE antibodies in children from these
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Abbreviations used
ED: Emergency department
FA: Food allergy
LFA: Likely food allergy
NHANES: National Health and Nutrition Examination Survey
OR: Odds ratio
PFA: Possible food allergy
PIR: Poverty Income Ratio
UFA: Unlikely food allergy

data while estimating FA prevalence among children on the basis
of self-report data from the National Health Interview Survey. In
this article, we use serologic data from both children and adults in
the NHANES to derive and report the US population-based
estimates of clinical FA, identify high-risk populations, and
explore associations with other immune-mediated conditions.

METHODS
The NHANES 2005-2006 study cohort

The NHANES is a Centers for Disease Control and Prevention, National
Center for Health Statistics program, designed to assess the health and
nutritional status of adults and children in the United States, that began in the
early 1960s. NHANES 2005-2006 was the seventh nationally representative
NHANES survey and included 10,348 participants from 30 sites across the
continental United States.® The NHANES 2005-2006 protocol was approved
by the National Center for Health Statistics, Centers for Disease Control and
Prevention, Ethics Review Board.’ Blood was collected from 80.6% of the
study participants. Serum was separated and frozen for laboratory testing in-
cluding food-specific serum IgE panels to 4 common food allergens. Blood
samples were insufficient to perform complete panels in 134 participants
(1.3%). The remaining study population consisted of all participants with
complete food-specific serum IgE panels (n = 8203; 79.3%). Participants ex-
cluded because of incomplete or missing panels were younger but otherwise
not different with respect to a variety of demographic characteristics.

Participants were asked to self-identify their race and ethnicity, which
NHANES combines into 1 race/ethnicity designation. Instead of actual family
income, the Poverty Income Ratio (PIR) was used. It represents the ratio of
family income to the poverty threshold as defined by the US Census Bureau.
PIR values below 1.0 are below the poverty threshold. PIR thresholds of 1.3
and 3.5 were used for classification in adjusted logistic models; these
thresholds are used to establish eligibility for US food assistance programs.'®

Household education was defined as the highest education level obtained
by the household reference person (typically the household head).

Food sensitization and FA risk groups

Food panels consisted of assays to determine serum IgE concentrations
specific to peanut, cow’s milk, egg white, and shrimp allergens. Clinical studies
have demonstrated that higher food-specific IgE levels indicate a greater
likelihood of clinical FA."'""'? Food-specific serum IgE levels to peanut, milk,
egg, and shrimp were measured in study participants ages 6+ years old, and
only to peanut, milk and egg in participants 1 to 5 years old; the volume of
blood draws and number of assays were limited in general among the youngest
NHANES participants. IgE levels were also measured for 15 inhalant aller-
gens.'? Serum IgE assays were performed at a central laboratory (Elmhurst
Memorial Hospital, EImhurst, I11) by using standardized methodology (Immu-
noCAP 1000; Phadia US, Portage, Mich). The lower limit of allergen-specific
IgE detection was 0.35 kU/L. Food sensitization was defined as having at least
1 food-specific serum IgE >0.35 kU/L, and multiple food sensitization was de-
fined as 2 or more food sensitizations out of the panel of 4 foods.

Among participants above this threshold for food sensitivity, we defined 3
mutually exclusive FA risk categories: unlikely FA (UFA), possible FA (PFA),
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and likely FA (LFA). These FA risk groups were based on previous studies
relating food-specific IgE concentrations with diagnosis of FA by using
criteria that include diagnostic oral food challenges. Generally, lower food-
specific IgE levels, between 0.35 and 2 kU/L, have been associated with a rel-
atively low probability (UFA) of reacting (10% to 20%); moderate IgE levels,
between 0.7 and 5 kU/L, have been associated with ~50% probability of re-
acting (PFA); and high IgE levels, between 5 and 15 kU/L, have been associ-
ated with a 95% probability of reacting (LFA)."'""'> However, the exact 95%
probability thresholds vary by age and the specific food type. Therefore, the
following 95% predictive levels have been proposed, based on positive predic-
tive values for clinical reactivity: egg, 7 kU/L; milk, 15 kU/L; and peanut, 14
KU/L." Clinical studies have also determined that 95% predictive levels differ
for young children (ie, <2 years old): egg, 2 kU/L'#; milk, 5 KU/L."® There is a
lack of data correlating outcomes of allergy for shrimp with IgE levels, and
thus no well established IgE cutpoint for likely shrimp allergy. Therefore,
shrimp was treated in accordance with the typical patterns described, using
a threshold of 5 kU/L. This appears reasonable on the basis of the limited
data that do exist for shrimp.

When considering all 4 foods together, risk category assignment was based
on the highest risk for FA across all food groups. Thus, UFA was defined as
having at least 1 food-specific serum IgE between 0.35 and 2 kU/L, PFA as
having at least 1 food-specific IgE between 2 kU/L and the applicable 95%
predictive level, and LFA as having at least 1 food-specific IgE greater than or
equal to the 95% predictive level.

Because participants with IgE sensitization at low levels (ie, 0.35-2 kU/L)
are less likely to have clinical FA, we were particularly interested in those with
higher IgE levels associated with PFA or LFA. Clinical FA rates were
estimated by summing 50% of participants with PFA plus 95% of participants
with LFA, based on the probabilities of reacting in each of those risk
categories, as described. Thus, “clinical FA” may be interpreted to mean that
ingestion of that food would reproducibly lead to clinical symptoms consistent
with an acute allergic reaction.

Asthma, hay fever, and eczema questions

We explored associations between FA and 3 other immune-mediated
conditions: asthma, hay fever, and eczema. These conditions we identified
from participant self-report of doctor diagnosis. Specifically, the following
NHANES 2005-2006 survey questions were used to define these conditions:

o Diagnosed asthma: Has a doctor or other health professional ever told you that
you have asthma? (MCQ.010)

o Current asthma: Do you still have asthma? (MCQ.035)

o Emergency department (ED) visit for asthma in the previous year: During the past
12 months, have you had to visit an emergency room or urgent care center be-
cause of asthma? (MCQ.050)

o Diagnosed hay fever: Has a doctor or other health professional ever told you that
you have hay fever? (AGQ.010)

o Diagnosed eczema: Has a doctor or other health professional ever told you that
you have eczema? (AGQ.180)

The 3 asthma questions were asked in the order indicated. If an answer to an
asthma question was not yes, then the remaining asthma questions were
skipped.

Statistical analyses

Participants in NHANES are selected by using a complex, multistage,
probability sampling design, and all percentages, means, percentiles, and odds
ratios (ORs) were weighted to represent the civilian, noninstitutionalized US
population. SEs, CIs, and P values were developed in accordance with the
complex survey design by using Taylor series linearization methods. Statisti-
cal analyses were conducted by using SAS statistical software (Version 9.2;
SAS Institute Inc, Cary, NC) survey procedures. Logistic regression was per-
formed to model participants with PFA or LFA compared with those with no
FA with only demographic predictors included in the model (age, gender, race/
ethnicity, income), and P values for main effects were reported. Prevalence
rates for food sensitization and FA risk groups were calculated for 3 doctor-
diagnosed health outcomes (asthma, hay fever, and eczema), and adjusted
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ORs were reported based on logistic regression modeling. Prevalence rates
were calculated for food sensitization and FA risk groups for 4 mutually exclu-
sive levels of asthma status (no asthma, doctor-diagnosed asthma but not cur-
rent, current asthma, and ED visit for asthma in the past 12 months). The
Cochran-Armitage trend test was used to test for an increase in the prevalence
of FA as asthma status becomes more current and more severe. Logistic regres-
sion was performed for the asthma status outcomes, and ORs were reported.
This logistic regression was performed as an unadjusted model by using
only FA status as a predictor and also as an adjusted model, which included
inhalant sensitization along with the demographic predictors. 95% ClIs were
developed by using  statistics.

RESULTS
Study population characteristics

The study population was demographically diverse and repre-
sentative of the US population (Table I). Allergic sensitization (ie,
serum allergen-specific IgE level > 0.35 kU/L) was common:
16.8% were sensitized to at least 1 food, 41.3% to at least 1 inhal-
ant allergen, and 13.9% to at least 1 food and 1 inhalant allergen.
Self-reported doctor-diagnosed asthma (14.6%), hay fever
(10.8%), and eczema (9.1%) were also common. Of those with di-
agnosed asthma, 9.6% reported an ED or urgent care visit for
asthma within 12 months.

Prevalence of food sensitization and clinical FA in
the United States

The overall prevalence of food sensitization in the US was
16.8% (see this article’s Fig E1 in the Online Repository at www.
jacionline.org; Table II). By age, the highest prevalence was
28.1%, in participants 1 to 5 years and declined steadily with
age to 13.0% in adults 60+ years old (Fig E1; see this article’s
Table E1 in the Online Repository at www.jacionline.org). The
prevalence of milk (22.0%) and egg (13.9%) sensitization was
highest in children 1 to 5 years. Peanut sensitization was most
common in older children and young adults (6-19 years, 10.7%;
20-39 years, 8.7%). Shrimp sensitization, which was not mea-
sured in children under age 5 years, did not vary appreciably by
age.
The US population prevalences for PFA and LFA were 3.1%
and 1.0%, respectively (Table II). The estimated US population
prevalence of clinical FA was 2.5% (Fig 1; Table II). These es-
timates are based on 4 common foods and do not account for
allergies that are known to occur to other foods; see Discussion
section. Overall clinical FA prevalence differed significantly
and declined with age, highest in children 1 to 5 years
(4.2%) and lowest in adults 60+ years (1.3%) (Fig 1; Table
El). The clinical FA estimates for individual foods also varied
by age. The prevalences of clinical FA to milk, egg, and peanut
were each approximately 1.8% in children 1 to 5 years; clinical
peanut allergy was most prevalent (2.7%) in children 6 to 19
years; clinical peanut and shrimp allergies were most prevalent
(0.9% to 1.2%) in adults age 20 to 59 years; and shrimp al-
lergy was most prevalent (0.7%) in adults 60+ years old
(Fig 1).

Multiple food sensitizations occurred in 4.7% of the US
population (Table II). By age, the highest prevalence was in the
youngest children (1-5 years, 11.6%) and declined steadily
with age to 3.1% in adults 60+ years (see this article’s Fig E2
in the Online Repository at www.jacionline.org; Table E1). Mul-
tiple clinical FA was present in 1.3% of the population overall
(Table II). It was more frequent in younger children (1-5 years,
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TABLE I. Demographic and clinical features of the 2005-2006
NHANES FA cohort

Characteristic N§ Percentage||
Overall 8203
Age (y)
1-5 909 53+ 04
6-19 2869 19.0 £ 0.6
20-39 1672 28.0 = 0.9
40-59 1361 302 £ 1.1
60+ 1392 17.6 = 1.6
Sex
Male 3998 48.8 = 0.5
Female 4205 512 £ 0.5
Race/ethnicity
Non-Hispanic white 3239 69.5 £ 29
Non-Hispanic black 2124 11.8 £ 1.9
Hispanic* 2461 131 £ 14
Other 379 56 =08
PIR
<13 2669 20.0 = 1.3
1.3-3.5 3003 385+ 15
>3.5 2171 415 23
Household education
High school or less 4267 434 £2.0
Above high school 3676 56.6 = 2.0
Disease
Diagnosed eczema 715 9.1 0.7
Diagnosed hay fever 586 10.8 = 0.7
Diagnosed asthma 1157 14.6 = 0.6
Current asthma 730 8.8 = 0.5
ED visitf 123 9.6 = 1.1
Sensitization}
Food 1729 16.8 £ 0.6
Inhalant 3495 413 = 1.1
Both food and inhalant 1350 139 £ 0.6

*Defined as “Mexican American” or “other Hispanic” in NHANES.

+tAmong those with diagnosed asthma.

iSensitization: at least 1 allergen-specific serum IgE >0.35 kU/L. Food and inhalant
categories are not mutually exclusive.

§Unweighted counts.

||Weighted % * SE.

3.4%) than in older children (1.8%) and adults (1.1% to 1.3%)
and was uncommon in adults 60+ years old (0.6%) (Table
E1). The most common combinations of PFA/LFA occurred in
children 1 to 5 years; the prevalence of PFA/LFA to milk, egg,
and peanut; to both milk and egg; and to milk and peanut
were each 0.4% in this age group. The next most common
PFA/LFA combination was to peanut and shrimp; the prevalence
of this combination was 0.3% in children 6 to 19 years; 0.1% to
0.2% in participants 20 to 59 years; and 0.07% in participants
60+ years. Other PFA/LFA combinations were uncommon
(< 0.1%).

Demographic risk factors for PFA/LFA

Significant prevalence differences in food sensitization, PFA,
and LFA were observed in commonly investigated demographic
subgroups (age [Fig E3], sex, race/ethnicity, and household in-
come). Food sensitization and PFA/LFA were more prevalent in
male than female subjects to peanut, shrimp, and milk, but not
egg (see this article’s Fig E4 and Table E2 in the Online Reposi-
tory at www.jacionline.org). For example, the prevalences of
detectable food sensitization, PFA, and LFA to peanut in male
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TABLE Il. Food sensitization prevalence* and clinical FA estimates in the United States (2005-2006)t
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Food sensitization

Sensitization >0.35 kU/L  Unlikely FA 0.35-2.0 kU/L  Possible FA 2.0 kU/L-PLY

Likely FA >PLY

Estimated clinical FA rate#

Food sensitization} 16.8 = 0.6 (1729) 12.7 £ 0.3 (1267) 3.1 = 0.4 (320) 1.0 = 0.2 (142) 25 *03
Milk 5.7 = 0.5 (650) 5.0 = 0.4 (581) 0.69 = 0.18 (62) 0.05 = 0.04 (7) 0.40 = 0.09
Egg 39 =04 (371) 3.6 = 0.4 (327) 0.24 = 0.06 (26) 0.12 = 0.04 (18) 0.23 = 0.05
Peanut 7.6 = 0.4 (772) 5.3 = 0.3 (509) 1.9 = 0.3 (208) 0.34 = 0.07 (55) 1.3 £ 0.1
Shrimp§ 5.9 = 0.4 (568) 4.5 * 0.3 (408) 0.79 £ 0.13 (84) 0.62 = 0.12 (76) 1.0 = 0.1

Multiple food 4.7 = 0.4 (498) 2.6 = 0.3 (250) 1.7 = 0.2 (169) 0.53 £ 0.12 (79) 1.3 02
sensitization||

*Weighted % * SE (N).

fOverall N = 8203.

1Food sensitization: at least 1 food >0.35 kU/L.

§Information only available for participants >6 years.

|[Multiple food sensitization: 2 or more foods >0.35 kU/L.

9PL, 95% predictive level: for ages 1 to 5 years, 5 kU/L; for age 6+ years, cow’s milk 15 kU/L, egg white 7 kU/L, peanut 14 kU/L, shrimp 5 kU/L.

#Estimated clinical FA rate: 50% of participants with PFA + 95% of participants with LFA.
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FIG 1. Clinical FA prevalence estimates in the United States (2005-2006) by age. ND, Not done.

subjects were 10.0%, 2.4%, and 0.6%, respectively, compared
with 5.2%, 1.4%, and 0.1% in female subjects. Food sensitization
and PFA/LFA were more prevalent in non-Hispanic black subjects
and least prevalent in non-Hispanic white subjects (see this arti-
cle’s Fig ES and Table E3 in the Online Repository at www.
jacionline.org); these distinctions were greatest for shrimp and
peanut. For example, the prevalences of detectable food sensitiza-
tion, PFA, and LFA to shrimp in non-Hispanic black subjects were
12.8%,2.2%, and 2.3%, respectively, compared with 3.8%, 0.6%,
and 0.3% in non-Hispanic white subjects. Food sensitization and
PFA/LFA were generally more prevalent in individuals living in
poverty and least prevalent in higher-income households (see
this article’s Fig E6 and Table E4 in the Online Repository at
www.jacionline.org). For example, the prevalences of detectable
food sensitization, PFA, and LFA to at least 1 food for PIR

<1.3 were 19.0%, 3.4%, and 1.3%, respectively, compared with
15.3%, 3.0%, and 0.6% for PIR >3.5. The prevalence of food sen-
sitization tended to be higher in households with less educated
participants, but these differences were not statistically significant
(see this article’s Fig E7 and Table ES in the Online Repository at
www.jacionline.org).

We also performed logistic regression modeling to determine
the relative significance of these demographic factors in PFA/LFA
risk. There were significantly increased odds of PFA/LFA in
children, non-Hispanic black subjects, and male subjects (Table
III). Further subpopulation analyses revealed that the unadjusted
OR (95% CI) of PFA/LFA in black boys compared with the re-
mainder of the population was 4.4 (2.8-6.7). Household income
and education level were not associated with PFA/LFA in this
model.
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TABLE lll. Demographic predictors of PFA or LFA*

Predictor OR (95% CI)t Effect P value:
Age (y)
1-5 2.04 (1.42-2.93) <.001
6-19 1.80 (1.46-2.23)
20+ 1.00
Race/ethnicity
Non-Hispanic black 3.06 (2.14-4.36) <.001
Hispanic 1.14 (0.71-1.81)
Other 1.09 (0.56-2.14)
Non-Hispanic white 1.00
Sex
Male 1.87 (1.32-2.66) <.001
Female 1.00
PIR
<1.3 0.94 (0.65-1.34) 46
1.3-3.5 1.06 (0.79-1.43)
>3.5 1.00
Household education
High school or less 1.03 (0.79-1.34) .83

Above high school 1.00

*Overall N = 6557.

TAdjusted model: PFA/LFA vs no FA = age + race/ethnicity + sex + PIR +
household education.

TWald x? test for significance of each factor.

Relationship among food sensitization, FA, and
asthma

In weighted, bivariate analyses, the prevalences of all food
sensitizations and FA risk groups were higher in participants with
doctor-diagnosed asthma compared with those with no asthma.
The odds of food sensitization (2.3); sensitization to milk (2.0),
egg (2.9), peanut (2.3), shrimp (1.9), and multiple foods (2.4); and
UFA (1.9), PFA (2.8), and LFA (2.0) were all significantly
increased (Table IV). As asthma increased in persistence and se-
verity, the prevalences of food sensitization and FA significantly
increased. For example, the prevalences of food sensitization in
those with no asthma, diagnosed but not current asthma, current
asthma without recent ED visits, and current asthma with recent
ED visits were 14.9%, 20.6%, 31.5%, and 35.0%, respectively
(P <.001, Cochran-Armitage test for trend; Table V). Notably,
the prevalence of LFA in those with an ED visit for asthma in
the previous year (8.5%) was remarkably higher than in those
with current asthma but without a recent ED visit (1.3%), diag-
nosed but not current asthma (1.1%), and no asthma (0.9%; P <
.001 for trend).

To understand better the relationship between asthma, espe-
cially asthma persistence and recent severe asthma exacerba-
tions, and FA risk groups, we developed logistic regression
models, after adjusting for inhalant sensitization and demo-
graphic variables (age, sex, race/ethnicity, household income;
Fig 2; see this article’s Table E6 in the Online Repository at
www.jacionline.org). The adjusted odds of diagnosed asthma
(vs no asthma) were significantly increased in those with UFA
and PFA and tended to be increased in LFA. Similarly, the ad-
justed odds of current asthma (vs diagnosed asthma, not current)
were significantly increased in those with UFA, PFA, and LFA.
Importantly, the adjusted odds of an ED visit for asthma in the
previous year (vs diagnosed asthma, no ED visit) were highest
in those with LFA (OR, 6.9; 95% CI, 2.4-19.7) but not increased
in UFA or PFA.
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TABLE IV. Prevalence and risk of food sensitization and FA in
diagnosed asthma

Food sensitization/FA % Asthma|| % No asthma ORY (95% Cl)
Counts* n = 1157 n = 7037
Food sensitization 27.5 14.9 2.3 (1.9-2.7)
Milk 9.1 5.2 2.0 (1.5-2.5)
Egg 8.2 32 2.9 (2.4-3.5)
Peanut 13.3 6.6 2.3 (1.9-2.8)
Shrimpi 9.1 5.3 1.9 (1.2-2.9)
Multiple food sensitization§ 8.8 4.0 2.4 (1.9-3.1)
UFA 19.0 11.5 1.9 (1.7-2.1)
PFA 6.6 2.5 2.8 (1.7-4.5)
LFA 1.9 0.9 2.0 (1.1-3.7)

*Unweighted counts.

tFood sensitization: at least 1 food >0.35 kU/L.

fInformation only available for participants >6 years.

§Multiple food sensitization: 2 or more foods >0.35 kU/L.

||Self-reported diagnosis by doctor or other health professional.

Y Adjusted model: food sensitization/allergy = diagnosed asthma + age + sex +
race + PIR.

Relationship among food sensitization, FA, and hay
fever and eczema

In participants with hay fever, the prevalence and odds of food
sensitization and FA risk groups were significantly increased,
although not for LFA (Table VI). In participants with eczema,
only the odds of LFA were significantly increased. In a fully ad-
justed model (including inhalant sensitization and demographic
variables), the odds of diagnosed hay fever were significantly in-
creased only in those with PFA (OR, 2.0; 95% CI, 1.4-2.8; see this
article’s Table E7 in the Online Repository at www.jacionline.
org). The odds of diagnosed eczema were not significantly in-
creased for any FA risk group (Table E7) except that in an unad-
justed model, the odds of eczema were increased only in those
with LFA (OR, 2.1; 95% CI, 1.2-.3.7).

DISCUSSION

This study found that the prevalence estimate of clinical allergy
to peanut, milk, egg, and/or shrimp was 2.5% and was associated
with childhood, male sex, and non-Hispanic black race/ethnicity.
We also found an association of LFA with current asthma and ED
visits for asthma in the previous year.

For the first time in a US nationally representative sample,
specific serum IgE levels were used to quantify allergic sensiti-
zation to common foods. This is important because clinical
studies have demonstrated that higher food-specific IgE levels
indicate a greater likelihood of clinical FA. Although age-specific
distinctions in food sensitization and FA have long been
suspected, this was also the first time in a US national study
that food sensitization was assessed in younger children (1-5
years old) together with older adults (at least 60 years old). These
cohort strengths allowed for a comprehensive, contemporary US
public health perspective on the prevalence of and risks associated
with higher food-specific serum IgE levels, indicative of PFA or
LFA.

This investigation estimated clinical FA rates of 2.5% in the US
population. They are highest in children (4.2% in participants 1-5
years, 3.8% in participants 6-19 years), and lowest in older adults
(1.3% in participants 60+ years). These overall estimates are
lower than some other studies. Sampson' estimated the prevalence
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TABLE V. Prevalence* of food sensitization and FA by asthma status

% Diagnosed asthma

% Current asthma but no % Current asthma with ED visit

Food sensitization/FA % No asthma¥ (not current) ED visit for asthma for asthma in past year P value#**
CountsT n = 7037 n = 427 n = 607 n =123
Food sensitization} 149 = 0.7 20.6 = 2.8 315 =24 350 £ 57 <.001
Milk 52=*05 82 * 15 9.6 = 1.6 109 = 3.8 <.001
Egg 3203 82+ 12 8.0 = 1.6 9.6 £3.0 <.001
Peanut 6.6 = 0.5 68 = 14 173 2= 2.3 17.5 £ 2.6 <.001
Shrimp§ 53*+05 69 = 1.6 9.6 x 19 16.0 = 5.2 .002
Multiple food sensitization|| 4003 73 =09 9.1 %20 13.8 =43 <.001
UFA 11.5 * 04 162 = 2.5 212 24 19.2 = 47 <.001
PFA 2504 3408 9.0+ 19 73 * 1.8 <.001
LFA 09 + 0.2 1.1 =04 1.3 +03 85*33 <.001

*Weighted % * SE (N).
TUnweighted counts.
1Food sensitization: at least 1 food >0.35 kU/L.

§Information only available for participants > 6 years.
[[Multiple food sensitization: 2 or more foods >0.35 kU/L.

qSelf-reported diagnosis by doctor or other health professional.

#P value result of Cochran-Armitage test for linear trend.

**Adjusted model: food sensitization/allergy = asthma severity + age + sex + race + PIR.

DIAGNOSED ASTHMA

Unlikely FA
Possible FA
Likely FA

CURRENT ASTHMA

Unlikely FA
Possible FA

Likely FA

ED ASTHMA

Unlikely FA
Possible FA

Likely FA

0.25

0.5

1.0

2.0 5.0 10.0 20.0

ODDS RATIO
(log scale)

FIG 2. FA and asthma risk in United States (2005-2006). Adjusted ORs for diagnosed asthma, current
asthma, and ED visit for asthma in the previous year in those with UFA, PFA and LFA. Adjusted model:
asthma outcome = food sensitization + inhalant sensitization + age + sex + race + PIR. Diagnosed asthma
modeled against all participants without asthma. Current asthma modeled against all participants
diagnosed with asthma but not currently having asthma. ED asthma modeled against all participants
diagnosed with asthma or currently having asthma but not having an ED visit related to asthma.

of FA in the United States to be 3.5% to 4.0%. Bock” reported a 6%
prevalence of food challenge-confirmed FA in infants less than 3
years of age. Our estimates were remarkably similar to those
reported by Branum and Lukacs” from the 2007 National Health
Interview Survey, in which the prevalence of self-reported food
or digestive allergy in children was 3.9%. Our US prevalence of
peanut sensitization of 7.6% is consistent with that observed by

Arbes et al in NHANES III (1988-1994).5 These investigators re-
ported an 8.6% prevalence of peanut sensitization in participants 6
to 59 years by allergy skin prick testing. Importantly, NHANES III
did not include younger children or older adults, whereas our data
indicate that peanut sensitization is less prevalent in these age
groups,” and excluding them to achieve a comparable age
population to NHANES III increases the estimated peanut



804 LIUET AL

J ALLERGY CLIN IMMUNOL
OCTOBER 2010

TABLE VI. Prevalence and risk of food sensitization and FA in diagnosed hay fever and eczema

Hay fever|| Eczemal||
Food sensitization/FA Yes No OR¢ (95% CI) Yes No OR¢ (95% CI)
Counts* n = 586 n = 7599 n =715 n = 7470
Food sensitizationt 24.9 15.7 2.4 (1.8-3.2) 17.8 16.7 1.1 (0.8-1.5)
Milk 6.8 5.5 1.9 (1.2-2.9) 7.0 5.6 1.0 (0.6-1.7)
Egg 6.9 3.6 2.6 (1.5-4.3) 6.4 3.7 1.5 (0.9-2.6)
Peanut 15.0 6.6 3.4 (2.7-4.5) 7.6 7.6 1.0 (0.8-1.4)
Shrimp3 7.3 5.8 1.7 (1.1-2.5) 5.8 6.0 1.1 (0.8-1.6)
Multiple food sensitization§ 8.0 43 2.6 (1.8-3.9) 6.1 4.6 1.3 (0.8-2.0)
UFA 17.7 12.0 2.0 (1.5-2.8) 12.7 12.6 1.0 (0.7-1.5)
PFA 6.4 2.7 3.3 (24-4.7) 32 3.1 1.0 (0.6-1.5)
LFA 0.9 1.0 1.2 (0.4-4.1) 1.9 1.0 2.0 (1.1-3.8)

*Unweighted counts.

TFood sensitization: at least 1 food >0.35 kU/L.

fInformation only available for participants >6 years.
§Multiple food sensitization: 2 or more foods >0.35 kU/L.
||Self-reported diagnosis by doctor or other health professional.

9Adjusted model: food sensitization/allergy = hay fever/eczema + age + sex + race + PIR.

sensitization prevalence to 8.3%. Our clinical peanut allergy esti-
mate of 1.3% is higher than that of a US telephone survey in 2002
by Sicherer et al,® which determined self-reported peanut allergy
to be present in 0.6% of the population. Although there were lim-
ited shrimp-specific data on which to base our threshold partition-
ing PFA and LFA, our clinical shrimp allergy estimate of 1.0%
appears consistent with another US telephone survey conducted
by Sicherer et al,> which found a 2.0% prevalence of physician-
diagnosed or convincing reactions to any type of shellfish.
Furthermore, a sensitivity analysis showed that the estimated
prevalence of clinical FA reported in this article is very robust to
the particular choice of threshold used to differentiate PFA and
LFA to shrimp.

Prevalence differences between studies are attributable to
differences in cohort enrollment, how food sensitization or FA
was determined, and the panel of foods tested. Our study was
strengthened by the nationally representative nature of the cohort,
the consistent methodologies used by the NHANES, and the use
of standardized food-specific serum IgE, increasing levels of
which predict an increasing probability of clinical food reactiv-
ity.l’“’12 Those with low-level sensitization (0.35-2 kU/L) were
excluded from clinical FA estimates to minimize the impact of
low-level sensitization, which is thought to be associated with a
relatively low probability of clinical allergic reactivity, on the re-
sults. This study was limited by the fact that the NHANES relied
solely on IgE levels for determination of clinical FA estimates,
without detailed clinical or questionnaire-based information to
corroborate the relevance of these findings. Moreover, there are
no predictive values available from studies of adults. Therefore,
this study might overestimate FA prevalence because it is possible
that higher IgE levels in adults do not correlate as highly with al-
lergy, or it might underestimate FA prevalence by measuring spe-
cific IgE to only 4 common foods. Including other common
allergenic foods (eg, tree nuts, sesame, fish, wheat, soy) would
likely have increased overall prevalence estimates. Nevertheless,
this study provides a consistent, contemporary picture of FA prev-
alence in the United States.

Childhood (1-19 years), male sex, and non-Hispanic black
race/ethnicity were identified as significant risk factors for FA. In
fact, the odds of black boys having FA were 4.4 times higher than

others in the general population. Childhood is well recognized as
a time when food allergies, especially to milk and egg, are more
prevalent. Our study’s observation of the high peanut allergy
prevalence through childhood (1.8% in children 1-5 years, 2.7%
in children 6-19 years), and the low peanut allergy prevalence in
older adults (0.3% in participants 60+ years) has not been
previously observed.® The overall decreasing trend in FA with in-
creasing age may reflect a combination of 2 factors: (1) the gen-
eral loss of sensitization with age, noting that allergy to foods such
as milk and egg typically resolve over time, whereas peanut and
shellfish more typically persist, together with (2) a possible cohort
effect associated with the increasing prevalence of allergy in chil-
dren in recent years.'®

Male sex and black race/ethnicity were significant risk factors for
inhalant allergen sensitization in NHANES IT'” and NHANES I11.°
With specific regard to FA, Sicherer et al® found that self-reported
shellfish allergy was more prevalent among black than white sub-
jects, whereas Branum and Lukacs” found higher rates of sensitiza-
tion to shrimp, milk, and peanuts among non-Hispanic black
children than other children. Our results are consistent with these
but are supported by, to our knowledge, the first population-based
study among all ages using objective clinical data to identify
male sex and black race/ethnicity as risk factors for FA. FA may
be under-recognized in black subjects, male subjects, and children,
because it was self-reported in the other US-wide studies instead of
being determined by food-specific serum IgE levels.

The higher prevalence of food sensitization and FA risk
categories in participants with asthma, hay fever, and eczema is
consistent with other national studies.'®!” In our study, the link
between FA and asthma appeared especially strong. There was in-
creased prevalence of all food sensitization and FA risk categories
in those with diagnosed asthma, as well as increased prevalence
and likelihood of FA in those with current asthma (indicative of
asthma persistence) and ED visits for asthma in the previous
year (indicative of severe asthma exacerbations). Indeed, the
odds of patients with asthma and FA experiencing a recent severe
asthma exacerbation were 6.9 times higher than those without FA.

This relationship between FA and asthma severity may or may
not be causal in nature. For example, severe asthma may be
associated with greater atopy in g,gf:neral.zo’21 In this context, FA
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might be a marker for a generalized atopic phenotype of severe
asthma, but ingesting the allergenic food might not be directly re-
sponsible for the asthma severity and severe asthma attacks.

Alternatively, the relationship between FA and asthma severity
could be causal, noting that asthma symptoms are induced by
foods in people with food allergy up to 30% of the time, although
usually with other allergic symptoms.*** However, bronchial
hyperreactivity and asthma worsening can be induced, in the ab-
sence of immediate bronchospasm, by the ingestion of small
amounts of food allergens in sensitized individuals.>** FA has
been recently found to be a major risk factor for severe asthma
and life-threatening asthma episodes. Several smaller studies
have identified food sensitization as a significant risk factor for
severe asthma.”>® Roberts et al*’ reported that 54% of children
with asthma requiring intubation for a severe asthma exacerbation
had food sensitization, compared with 10% of hospitalized chil-
dren with asthma at the same hospital. Asthma is coincident in
nearly all people who have fatal anaphylactic reactions, and
severe asthma is a common manifestation.?*°

Thus, although the relationship may or may not be causal, this
study provides further credence and a national perspective to the
concern that FA may be an under-recognized trigger of severe
asthma exacerbations. Offending foods are notoriously occult and
are often hidden in other foods, leading to accidental ingestion.
Food-allergic reactions might be triggered only when combined
with exercise. In these circumstances, the onset of food-induced
symptoms can often be delayed by 2 to 4 hours after ingestion and
manifest only after vigorous physical exertion.’*>' With these
challenges to clinical detection of food-triggered asthma, height-
ened suspicion is necessary to identify food-triggered asthma ep-
isodes. Recognition of FA-triggered asthma exacerbations might
improve preventive and therapeutic management and result in
better clinical outcomes.

In summary, this NHANES investigation provides a compre-
hensive, contemporary US public health perspective on the
prevalence and risks associated with higher food-specific serum
IgE levels indicative of PFA or LFA. Black race/ethnicity and male
sex were identified as important risk factors for FA. Along with
childhood, these risk factors might identify at-risk populations in
which FA is under recognized. A US population-level association
between FA and severe asthma exacerbations was also identified.
Because the cross-sectional design of this study does not substan-
tiate inferences of causation, prospective clinical investigation of
this association is needed. Nevertheless, these findings raise
awareness that FA may be contributing to severe asthma episodes.

Clinical implications: Black subjects, male subjects, and chil-
dren represent at-risk populations for whom clinical FA may

be under-recognized. Furthermore, population-level associa-
tions suggest that FA may contribute to severe asthma episodes.
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FIG E1. Food sensitization prevalence in the United States (2005-2006) by age. ND, Not done.
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FIG E2. Single and multiple food sensitization prevalence in the United States (2005-2006) by age. ND, Not
done.
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FIG E3. Food allergy risk prevalence in the United States (2005-2006) by age. ND, Not done.
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FIG E4. Food allergy risk prevalence in the United States (2005-2006) by gender.
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FIG E5. Food allergy risk prevalence in the United States (2005-2006) by race/ethnicity.
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TABLE E1. Food sensitization prevalence* and clinical FA estimates in the United States (2005-2006) by age
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Estimated
Sensitization >0.35 kU/L  Unlikely FA 0.35-2.0 kU/L  Possible FA 2.0 kU/L-PL|| Likely FA >PL|| clinical FA Rateq
Food sensitizationf
1-5 28.1 = 1.2 (291) 21.5 = 1.0 (230) 4.5 £ 0.8 (40) 2.1 =04 (21) 43 0.6
6-19 21.8 = 1.0 (702) 15.6 = 0.9 (473) 4.7 £ 0.6 (150) 1.5 = 0.3 (79) 3804
20-39 15.9 = 1.1 (313) 12.4 = 0.7 (236) 2.1 £ 0.5 (1) 1.3 £ 0.4 (26) 24+ 0.5
40-59 14.7 = 0.9 (217) 10.7 = 0.6 (161) 33 = 0.6 (45) 0.75 = 0.30 (11) 23 *+04
60+ 13.0 = 1.3 (206) 10.6 = 1.2 (167) 22+ 04 (34) 0.25 = 0.15 (5) 1.3 +03
Milk
1-5 22.0 = 1.1 (230) 18.6 = 0.9 (198) 3.1 0.7 @27 0.28 = 0.13 (5) 1.8 =04
6-19 8.1 £ 1.0 (254) 7.6 £ 0.9 (240) 0.50 = 0.19 (13) 0.01 = 0.01 (1) 0.26 = 0.10
20-39 32 £ 0.5 (50) 2.9 = 0.5 (45) 0.32 £ 0.15 (5) 0) 0.16 = 0.07
40-59 4.9 = 0.7 (59) 4.0 = 0.7 (48) 0.75 = 0.34 (10) 0.12 = 0.13 (1) 049 = 0.22
60+ 38 £0.5(57) 3.2 £ 0.5 (50) 0.67 = 0.31 (7) 0) 0.33 = 0.15
Egg
1-5 13.9 = 1.1 (144) 11.4 = 1.1 (117) 1.2 £ 0.3 (15) 1.3 £ 04 (12) 1.8 +04
6-19 4.1 = 0.5 (99) 3.8 £0.5(92) 0.20 = 0.13 (4) 0.05 = 0.03 (3) 0.14 = 0.06
20-39 2.1 = 0.5 (28) 1.9 = 0.5 (27) 0) 0.13 = 0.13 (1) 0.12 = 0.12
40-59 3.8 = 0.7 (46) 3.4 £ 0.6 (40) 0.41 = 0.18 (6) 0) 0.20 = 0.09
60+ 39 = 0.8 (54) 3.7 = 0.8 (51) 0.11 = 0.11 (1) 0.03 = 0.02 (2) 0.08 = 0.06
Peanut
1-5 7.1 = 1.1 (68) 45+ 0.9 (44) 1.6 = 0.7 (14) 1.0 = 0.3 (10) 1.8 0.3
6-19 10.7 = 1.0 (345) 6.1 £ 0.8 (192) 3.6 £ 0.5 (118) 0.92 = 0.23 (35) 2.7 +03
20-39 8.7 £ 0.7 (178) 6.9 = 0.5 (133) 14 = 0.3 (38) 0.31 = 0.16 (7) 1.0 03
40-59 6.5 £ 0.8 (104) 4.4 = 0.5 (74) 2.0 = 0.5 (27) 0.09 = 0.07 (3) 1.1 =03
60+ 4.5 = 0.8 (77) 3.9 £ 0.7 (66) 0.59 £ 0.11 (11) 0) 0.29 + 0.05
Shrimp3
1-5 Not Done Not Done Not Done Not Done Not Done
6-19 6.1 £ 0.7 (254) 4.4 *+ 0.6 (167) 1.1 = 0.2 (41) 0.63 = 0.13 (46) 1.1 0.2
20-39 6.7 = 0.9 (141) 5.2 = 0.6 (110) 0.61 £ 0.24 (12) 0.94 = 0.26 (19) 1.2 +03
40-59 5.9 £ 0.8 (92) 4.6 = 0.6 (71) 0.71 £ 0.26 (13) 0.56 = 0.26 (8) 0.89 = 0.27
60+ 4.6 £ 0.6 (81) 3.4 %= 0.6 (60) 0.91 £ 0.32 (18) 0.22 = 0.15 (3) 0.67 = 0.24
Multiple food sensitization§
1-5 11.6 = 1.4 (117) 6.1 = 1.1 (70) 39 0.7 (32) 1.5 = 0.5 (15) 34 +05
6-19 5.9 £ 0.6 (194) 3.0 £ 0.5 (83) 2.0 £ 0.4 (67) 0.89 = 0.23 (44) 1.8 £ 03
20-39 4.0 £ 0.5 (73) 2.3 *+04 (37 1.0 = 0.4 (25) 0.67 £ 0.32 (11) 1.2 +03
40-59 4.5 = 0.8 (61) 2.3 £ 0.6 (30) 1.9 = 0.4 (25) 0.27 = 0.15 (6) 1.2 =03
60+ 3.1 £0.6 (53) 1.9 = 0.4 (30) 1.2 = 0.3 (20) 0.05 = 0.03 (3) 0.65 = 0.19

*Weighted % * Standard Error (N).

FFood sensitization: at least one food > 0.35 kU/L.
fInformation only available for >6 years.

§Multiple food sensitization: 2 or more foods > 0.35 kU/L.
|[PL, predictive level: for ages 1-5 years, 5 KU/L; for age 6+, cow’s milk 15 kU/L, egg white 7 KU/L, peanut 14 kU/L, shrimp 5 kU/L

9Estimated Clinical FA Rate = 50% of participants with PFA + 95% of participants with LFA.
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TABLE E2. Food sensitization prevalence* and clinical FA estimates in the United States (2005-2006) by sex

LIU ET AL 806.e9

Characteristic

Sensitization >0.35 kU/L

UFA 0.35-2.0 kU/L

PFA 2.0 kU/L-PL|

LFA >PL||

Estimated clinical FA rateq

Food sensitizationf
Male
Female
Milk
Male
Female
Egg
Male
Female
Peanut
Male
Female
Shrimp3
Male
Female
Multiple food sensitization§
Male
Female

204 = 0.9 (967)
13.4 = 0.9 (762)

6.7 = 0.8 (347)
4.8 = 0.5 (303)

4.0 = 0.5 (190)
3.8 = 0.5 (181)

10.0 = 0.8 (481)
52 0.5 (291)

7.4 = 0.5 (329)
4.6 = 0.5 (239)

5.7 £ 0.5 (290)
3.9 = 0.5 (208)

15.0 = 0.7 (686)
10.4 = 0.6 (581)

57 = 0.6 (312)
43 * 0.4 (269)

3.6 = 0.4 (166)
3.5 = 0.5 (161)

7.1 = 0.5 (312)
3.7 £ 0.4 (197)

54 04 (233)
3.6 £ 0.4 (175)

3.0 £ 03 (134)
22 * 04 (116)

4.0 *+ 0.5 (187)
2.2 * 0.4 (133)

1.0 = 0.3 32)
0.44 = 0.13 (30)

0.20 = 0.09 (12)
0.28 = 0.09 (14)

2.4 £ 0.4 (130)
1.4 £ 0.3 (78)

1.2 = 0.2 (49)
0.42 = 0.12 (35)

1.9 = 0.3 (100)
1.5 £ 0.3 (69)

14 £ 0.2 (%94)
0.75 £ 0.24 (48)

0.02 = 0.01 (3)
0.08 = 0.08 (4)

0.17 = 0.08 (12)
0.06 = 0.03 (6)

0.56 = 0.12 (39)
0.14 = 0.04 (16)

0.74 = 0.17 (47)
0.52 = 0.18 (29)

0.83 = 0.21 (56)
0.24 = 0.09 (23)

33x03
1.8 =03

0.50 £ 0.15
0.30 = 0.09

0.27 = 0.10
0.20 = 0.06

1.7 £02
0.83 = 0.17

1.3 £02
0.70 = 0.19

1.7 £03
1.0 £02

*Weighted % * SE (N).

TFood sensitization: at least 1 food >0.35 kU/L.
{Information only available for participants >6 years.
§Multiple food sensitization: 2 or more foods >0.35 kU/L.

|[PL, Predictive level: for ages 1-5 years, 5 KU/L; for age 6+ years, cow’s milk 15 kU/L, egg white 7 kU/L, peanut 14 KU/L, shrimp 5 kU/L.
9Estimated clinical FA rate = 50% of participants with PFA + 95% of participants with LFA.
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TABLE E3. Food sensitization prevalence* and clinical FA estimates in the United States (2005-2006) by race/ethnicity

Characteristic

Sensitization >0.35 kU/L

UFA 0.35-2.0 kU/L

PFA 2.0 kU/L-PL||

LFA >PL|

Estimated clinical FA rateq

Food sensitizationf
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Milk
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Egg
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Peanut
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Shrimp3
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Multiple food sensitization§

Non-Hispanic white
Non-Hispanic black
Hispanic

Other

13.8 = 0.7 (478)
27.0 * 1.2 (617)
21.2 * 1.4 (545)
22.3 + 4.0 (89)

5.2 £ 0.6 (193)
7.6 = 0.9 (209)
6.5 = 0.4 (213)
6.4 = 2.1 (35)

3.9 = 0.4 (136)
4.0 = 0.5 (105)
3.1 = 0.3 (107)
54 * 14 (23)

5.9 + 0.5 (191)
13.4 * 0.9 (300)
10.8 + 1.0 (250)
9.1 + 1.7 31)

3.8 0.3 (117)
12.8 £ 1.2 (247)
8.0 = 0.8 (171)
13.2 £ 4.0 (33)

3.9 + 0.4 (128)
7.9 * 0.8 (186)
5.5+ 0.5 (160)
73 %25 (24)

10.5 = 0.6 (373)
17.9 + 1.0 (403)
17.0 = 1.2 (419)
18.4 * 3.6 (72)

4.4 = 0.5 (167)
6.5 * 0.8 (185)
6.2 £ 0.4 (198)
59 £ 19 (31)

3.7 £ 04 (127)
3.5 £ 0.5 (90)
2.6 £ 03091
45 = 1.4 (19)

42 * 04 (134)
8.5 = 0.6 (177)
7.8 £ 009 (174)
7.5 £ 1.6 (24)

2.9 * 0.3 (92)
8.3 = 0.8 (152)
7.1 £ 0.8 (137)
11.4 £ 3.9 (27)

2.1 £ 0.3 (69)
33 £ 05 (77)
3.0 £ 04 (87)
58 £1.9717)

2.7 * 04 (87)
6.1 + 0.7 (135)
3.1 + 04 (87)
2.1 + 06 (11)

0.75 = 0.24 (25)
1.0 £ 0.3 (20)
0.24 = 0.05 (13)
0.47 = 0.26 (4)

0.16 = 0.08 (5)
0.44 = 0.17 (11)
0.19 = 0.11 (6)
0.94 = 0.57 (4)

1.5 + 0.3 (49)
4.1 * 0.6 (96)
24 + 0.4 (59)
1.1 * 03 (4)

0.63 = 0.15 (19)
22 * 04 (42)
0.57 = 0.11 (20)
0.34 + 0.23 (3)

1.5 = 0.3 (50)
3.1 = 04 (67)
1.6 + 0.4 (48)

0.36 = 0.20 (4)

0.63 = 0.16 (18)
3.0 = 0.5 (79)
1.2 + 0.3 (39)
1.9 = 0.9 (6)

0.05 = 0.06 (1)

0.10 = 0.05 (4)

0.04 = 0.03 (2)
©)

0.09 = 0.06 (4)

0.09 = 0.07 (4)

0.32 *+ 0.14 (10)
©)

0.19 = 0.08 (8)
0.85 = 0.24 (27)
0.60 + 0.21 (17)
0.53 = 0.35 (3)

0.33 = 0.13 (6)
23 £ 0.4 (53)
0.35 = 0.13 (14)
1.4 £1.0@3)

0.26 = 0.11 (9)
1.5 £ 04 (42)
0.82 = 0.23 (25)
1.1 £0.7 3)

19 =03
59 £ 06
2703
28 £ 1.0

0.43 = 0.13
0.58 = 0.14
0.16 = 0.04
0.23 £ 0.13

0.17 = 0.07
0.31 = 0.09
0.39 £ 0.15
0.47 = 0.28

093 = 0.15
28 £ 0.4
1.7 £03
1.0 £ 04

0.63 = 0.14
3304
0.62 = 0.12
1.5 £09

1.0 = 0.2
3.0 0.5
1.6 £02
1.2 £07

*Weighted % * SE (N).

TFood sensitization: at least 1 food >0.35 kU/L.
fInformation only available for participants >6 years.
§Multiple food sensitization: 2 or more foods >0.35 kU/L.

|IPL, Predictive level: for ages 1-5 years, 5 kU/L; for age 6+ years, cow’s milk 15 kU/L, egg white 7 kU/L, peanut 14 KU/L, shrimp 5 kU/L.
YEstimated clinical FA rate = 50% of participants with PFA + 95% of participants with LFA.
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TABLE E4. Food sensitization prevalence* and clinical FA estimates in the United States (2005-2006) by poverty income ratio

Characteristic Sensitization >0.35 kU/L UFA 0.35-2.0 kU/L PFA 2.0 kU/L-PL|| LFA >PL|| Estimated clinical FA rate{
Food sensitizationf

<13 19.0 = 1.1 (593) 14.4 = 0.9 (443) 3.4 £ 0.3 (96) 1.3 £ 0.2 (54) 2903

1.3-3.5 17.3 = 1.0 (653) 13.0 £ 0.7 (480) 3.0 £ 04 (114) 1.3 £ 0.4 (59) 28 £ 04

>3.5 15.3 = 1.0 (401) 11.6 = 0.8 (288) 3.0 £ 0.5 (90) 0.64 = 0.19 (23) 21*03
Milk

<13 7.6 = 0.8 (258) 6.7 = 0.7 (233) 0.89 = 0.26 (23) 0.04 = 0.03 (2) 0.48 = 0.12

1.3-3.5 5.1 £ 0.7 (225) 4.5 = 0.6 (202) 0.60 = 0.19 (20) 0.02 £ 0.01 3) 0.32 = 0.10

>3.5 54 = 0.7 (135) 4.6 = 0.7 (117) 0.69 = 0.24 (16) 0.10 = 0.09 (2) 0.44 = 0.15
Egg

<1.3 3705 (119) 3.3 = 0.4 (108) 0.35 = 0.18 (9) 0.03 = 0.02 (2) 0.20 = 0.11

1.3-3.5 3.1 £ 0.4 (122) 2.7 £ 0.4 (105) 0.16 = 0.06 (7) 0.20 = 0.11 (10) 0.27 = 0.11

>3.5 4.5 * 0.6 (100) 4.3 = 0.7 (89) 0.21 £ 0.11 (6) 0.05 = 0.03 (5) 0.16 = 0.06
Peanut

<13 7.9 * 0.6 (224) 5.0 £ 05 (142) 24 = 0.4 (60) 0.58 = 0.16 (22) 1.7 £02

1.3-3.5 7.9 = 0.5 (299) 6.0 £ 0.3 (211) 1.6 £ 0.3 (68) 0.38 = 0.16 (20) 1.1 £02

>3.5 7.1 = 0.8 (208) 5.0 £ 0.6 (129) 1.9 £ 0.5 (68) 0.21 = 0.08 (11) 1.2 =02
Shrimp}

<13 7.1 £ 0.6 (202) 54 £ 0.5 (143) 0.92 = 0.29 (28) 0.80 = 0.24 (31) 12 £03

1.3-3.5 7.1 = 0.8 (226) 5.2 £ 0.5 (156) 1.1 =03 @37) 0.86 = 0.24 (33) 14 +03

>3.5 44 =05 (115) 3.6 £04 (91 0.47 = 0.16 (15) 0.34 = 0.18 (9) 0.56 = 0.17
Multiple food sensitization§

<1.3 53 =03 (171) 2.5 £ 0.2 (81) 22 £0.2(64) 0.60 = 0.13 (26) 1.7 £02

1.3-3.5 44 * 0.5 (169) 2.3 £ 0.3 (87) 1.3 £ 0.3 (48) 0.72 £ 0.29 (34) 1.3 £03

>3.5 4.6 = 0.7 (121) 2.7 £ 0.5 (62) 1.7 £ 04 (45) 0.26 = 0.08 (14) 1.1 £02

*Weighted % * SE (N).

fFood sensitization: at least 1 food >0.35 kU/L.
}Information only available for participants >6 years.
§Multiple food sensitization: 2 or more foods >0.35 kU/L.

|[PL, Predictive level: for ages 1-5 years, 5 KU/L; for age 6+ years, cow’s milk 15 kU/L, egg white 7 kU/L, peanut 14 KU/L, shrimp 5 kU/L.
9Estimated clinical FA rate = 50% of participants with PFA 4+ 95% of participants with LFA.
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TABLE E5. Food sensitization prevalence* and clinical FA estimates in the United States (2005-2006) by household education

Characteristic

Sensitization >0.35 kU/L

UFA 0.35-2.0 kU/L

PFA 2.0 kU/L-PL||

LFA >PL|

Estimated clinical FA rateq

Food sensitizationf
High school or less
Above high school

Milk
High school or less
Above high school

Egg
High school or less
Above high school

Peanut
High school or less
Above high school

Shrimp?

High school or less
Above high school

Multiple food sensitization§
High school or less
Above high school

17.3 = 0.6 (928)
16.5 + 0.9 (744)

57 = 0.5 (367)
59 = 0.7 (272)

3.4 * 0.5 (186)
44 % 0.5 (183)

77 = 0.5 (381)
74 = 0.7 (359)

6.9 = 0.5 (334)
52+ 0.5 (213)

48 = 0.4 (272)
48 = 0.6 (217)

13.0 = 0.4 (687)
12.4 = 0.7 (530)

4.9 = 0.3 (332)
5.2 £ 0.6 (238)

3.1 £ 0.5 (169)
4.0 = 0.5 (156)

5.5 £ 0.4 (257)
5.1 £ 0.5 (226)

5.1 £ 0.4 (236)
4.0 = 0.4 (152)

2.5 £ 0.3 (138)
2.6 £ 0.4 (106)

32 £0.2(163)
3.1 = 0.6 (153)

0.77 = 0.28 (32)
0.66 = 0.19 (30)

0.22 * 0.10 (11)
0.26 = 0.09 (15)

1.9 £ 0.2 (99)
1.9 £ 0.4 (105)

1.0 = 0.2 (50)
0.70 = 0.15 (34)

1.8 £ 0.2 (93)
1.6 £ 0.4 (75)

1.2 £ 0.2 (78)
1.0 £ 0.2 (61)

0.02 + 0.01 (3)
0.08 = 0.07 (4)

0.06 = 0.03 (6)
0.17 = 0.08 (12)

0.33 = 0.09 (25)
0.32 = 0.08 (28)

0.84 = 0.20 (48)
0.48 = 0.17 (27)

0.49 = 0.11 (41)
0.54 = 0.18 (36)

041 = 0.13
041 = 0.13

0.17 = 0.06
0.29 = 0.08

1.3 £0.1
1.3 £02

1.3 £02
0.81 = 0.16

*Weighted % * SE (N).

TFood sensitization: at least 1 food >0.35 kU/L.
fInformation only available for participants >6 years.
§Multiple food sensitization: 2 or more foods >0.35 kU/L.

|IPL, Predictive level: for ages 1-5 years, 5 kKU/L; for age 6+ years, cow’s milk 15 kU/L, egg white 7 kU/L, peanut 14 KU/L, shrimp 5 kU/L.
§[Estimated clinical FA rate = 50% of participants with PFA + 95% of participants with LFA.



J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 4

TABLE E6. Adjusted ORs* for asthma risk

Diagnosed Current ED visit for

asthmat asthmai asthmas
UFA 1.5 (1.3-1.7) 1.8 (1.0-3.4) 0.9 (0.4-1.9)
PFA 2.1 (1.3-3.5) 3.8 (1.8-8.3) 1.0 (0.5-2.0)
LFA 1.6 (0.8-3.1) 3.8 (1.5-9.7) 6.9 (2.4-19.7)
No food sensitization 1.0 1.0 1.0

*Adjusted model: asthma outcome = food sensitization + inhalant sensitization +

age + sex + race + PIR.

fDiagnosed asthma modeled against all participants without asthma.

iCurrent asthma modeled against all participants diagnosed with asthma but not

currently having asthma.

§ED asthma modeled against all participants diagnosed with asthma or currently
having asthma but not having an ED visit related to asthma.

LIU ET AL 806.e13
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TABLE E7. Adjusted OR* for eczema and hay fever

Food sensitization/FA Diagnosed eczemat Diagnosed hay feveri
UFA 0.9 (0.6-1.3) 1.3 (0.9-1.7)
PFA 0.8 (0.5-1.3) 2.0 (1.4-2.8)
LFA 1.7 (0.9-3.3) 0.7 (0.2-2.6)

No food sensitization 1.0 1.0

*Adjusted model: outcome = food sensitization + inhalant sensitization + age +
sex + race + PIR.

fDiagnosed eczema modeled against all participants without eczema.

iDiagnosed hay fever modeled against all participants without hay fever.
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