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Personal and parental nativity as risk factors for food
sensitization

Corinne A. Keet, MD, MS,a Robert A. Wood, MD,b and Elizabeth C. Matsui, MD, MHSa Baltimore, Md
Background: Immigrants to developed countries have low rates
of aeroallergen sensitization and asthma, but less is known
about both food allergy and the role of parental immigration
status.
Objective: We sought to evaluate the relationship between
personal and parental nativity and the risk of food sensitization.
Methods: Three thousand five hundred fifty subjects less than 21
years old from the Nation Health and Examination Survey
2005-2006 were included. Odds ratios (ORs) were generated by
using logistic regression, which adjusted for race/ethnicity, sex,
age, and household income and accounted for the complex
survey design. Nativity was classified as US-born or foreign-
born, and the age of immigration was estimated. Head-of-
household nativity was used as a proxy for parental nativity.
Food sensitization was defined as at least 1 specific IgE level of
0.35 kU/L or greater to milk, egg, or peanut. Aeroallergen-
specific sensitizations and the presence of asthma, allergic
rhinitis, or eczema were also assessed.
Results: Compared with those born outside the United States
(US), US-born children and adolescents had higher odds of
sensitization to any food (OR, 2.05; 95% CI, 1.49-2.83; P < .001).
Among the foreign-born group, those who arrived before 2
years of age had higher odds of food sensitization than those
who arrived later (OR, 2.68; 95% CI, 1.19-6.08; P 5 .02).
Within the US-born group, in contrast, children of immigrants
were at the highest risk (OR, 1.53; 95% CI, 1.05-2.24; P 5 .02).
Conclusion: Although foreign-born children and adolescents
are at lower risk of food sensitization compared with those born
in the US, among those born in the US, the children of
immigrants are at the highest risk. (J Allergy Clin Immunol
2011;nnn:nnn-nnn.)
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Food allergy is a problem of complex etiology that appears to
be rapidly increasing in prevalence.1 Large discrepancies in the
rates of food allergy are found by geography2 and ethnicity.1,3,4

Previous studies of asthma have generally shown that immigrants
to developed countries have lower rates of asthma and allergic
sensitization than native-born populations of the same5-15 and dif-
ferent16,17 ethnicities. Despite the fact that immigrants to devel-
oped countries tend to have lower rates of most sensitizations
than native-born populations, ethnic minorities in developed
countries tend to have high rates of allergic sensitization,4,14,18

and some data indicate that children of immigrants are at partic-
ular risk for various atopic diseases.14,19,20 However, the relation-
ship between immigration and food allergy has only rarely been
studied,5,20,21 even though the pathophysiologic mechanisms of
food allergy might be distinct from other allergic disorders.

In our clinical practice we have noted a disproportionate rate of
food allergy among first-generation Americans and thus hypoth-
esized that personal and parental nativity might affect the risk of
food sensitization differently. To examine the effects of immi-
gration to the United States (US) on the risk of food sensitization,
we examined a large, nationally representative sample of children
and adolescents living in the US. As a country of immigrants
representing many generations, the US offers a unique opportu-
nity to examine the multigenerational effects of immigration on
the risk of allergic disease. In this study we sought specifically to
investigate whether native- and foreign-born residents of the US
have different risks of food sensitization, whether the risk of food
sensitization differs by immigration status of a child’s parent, and
whether the timing of immigration affects the risk of food and
aeroallergen sensitization.
METHODS

Survey design
We examined the National Health and Nutrition Examination Survey

(NHANES) 2005-2006. NHANES is a publicly available, cross-sectional

national survey conducted by the Centers for Disease Control and Prevention

with a target population of the civilian noninstitutionalized US population.

The survey has a complex multistage sampling design with oversampling of

low-income persons, adolescents, African Americans, and Mexican Ameri-

cans. The first stage is a questionnaire administered in the subject’s home, with

follow-up stages for physical examination and laboratory studies in a mobile

van. The survey is 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. For this study, subjects be-

tween 1 and 21 years old with complete data for milk, egg, and peanut IgE

levels; family income; age; country of birth; sex; and head-of-household coun-

try of birth were included.
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Abbreviations used
NHANES: N
ational Health and Nutrition Examination Survey
OR: O
dds ratio
US: U
nited States
Measurement and definition of exposures and

outcomes
The main outcomemeasure was food sensitization, which was defined by a

specific IgE level of at least 0.35 kU/L to milk, egg, or peanut. Allergen-

specific IgE levels were analyzed with the Pharmacia Diagnostics Immuno-

CAP 1000 system (Kalamazoo, Mich). Because no information on clinical

reactivity was available, sensitivity analyses were donewith food-specific IgE

cutoffs that have previously been identified as being indicative of probable

food allergy.4,22,23 Accordingly, probable food allergy was defined as at least

1 of the following: if less than 2 years of age, IgE to milk of 5 kU/L or greater,

IgE to egg of 2 kU/L or greater, or IgE to peanut of 14 kU/L or greater, and if at

least 2 years of age, IgE to milk of 15 kU/L or greater, IgE to egg of 7 kU/L or

greater, or IgE to peanut of 14 kU/L or greater.4 We also assessed the relation-

ship between immigration and sensitization to aeroallergens and to history of a

health professional’s diagnosis of asthma, hay fever, and eczema. Because of

the difficulty in diagnosing asthma in young children, sensitivity analyses of

asthma outcomes were conducted including only those aged 6 years and older.

In addition to the foodsmentioned above, specific IgE levels weremeasured in

all subjects to Dermatophagoides farinae, Dermatophagoides pteronyssinus,

cat, dog, cockroach, and Alternaria species. Seasonal sensitizations, which

were only assessed in subjects at least 6 years of age, were defined as a specific

IgE level of at least 0.35 kU/L for at least 1 of the following: ragweed, rye

grass, Bermuda grass, oak, birch, and thistle.

The main exposures were the nativity of the subject and the subject’s head

of household, which were both defined as US-born or foreign-born. The nativ-

ity of the head of household was used as a proxy for the parent’s nativity. Data

from the 2010 census support this use, showing that a child is a relative of the

head of household with whom he or she lives more than 98% of the time; the

head of household is a parent 89% of the time.24 Analyses were first done com-

paring US-born with foreign-born children and adolescents. The US-born

group was then split into those living with a US-born householder

(US-born/non-immigrant household) and those living with a foreign-born

householder (US-born/immigrant household). To examine whether the age

of immigration affected the odds of food sensitization, we used a variable

for length of stay in the US, which categorized subjects as having lived in

the US for less than 1 year, 1 to less than 5 years, 5 to less than 10 years, 10

to less than 15 years, 15 to less than 20 years, or 20 to less than 30 years.

We subtracted the midpoint of these ranges from the subject’s age to estimate

the age at immigration and then dichotomized as less than 2 years or 2 or more

years. This inflection point was chosen to be consistent with previous reports25

and because visual inspection of the data identified this age as a natural point

for dichotomization.

Potential confounders included age, sex, poverty income ratio, and race/

ethnicity. Poverty income ratio is a continuous measure of the ratio of the

household’s income to the national poverty line. Race/ethnicity was by self-

report and was defined as Hispanic, non-Hispanic white, African American,

and ‘‘other,’’ except for analyses of age of immigration, for which ethnicity

was dichotomized as Hispanic versus non-Hispanic to avoid empty strata.

Other potential confounders/mediators evaluated separately included serum

vitamin D level, history of eczema, body mass index z score (calculated as

described previously26), household size, head-of-household education level

and marital status, and cockroach in the home, as defined by the following

question: ‘‘In the past 12 months, have you seen any cockroaches in your

home?’’
Statistical methods
Logistic regression was used to estimate odds ratios (ORs) for each

sensitization according to category of personal and householder nativity,
adjusting for age, sex, poverty income ratio, and race/ethnicity. For compar-

isons among foreign-born children and adolescents, ethnicity was categorized

as Hispanic/non-Hispanic as indicated in the results to minimize strata with no

data. Descriptive statistics were generated for the different groups; the

distributions of age and poverty income ratio were compared by using simple

linear regression. x2 Statistics were generated to compare the distribution of

sex and race/ethnicity between the groups. Graphs of the proportion of sub-

jects sensitized to a given food by age and place of birth were generated by

using locally weighted regression smoothing with a bandwidth of 0.8; these

analyses did not use the survey weights. All other analyses accounted for

the complex survey design by using the weights and sampling units provided

with the dataset andwere donewith STATA 11.0/SE software (StataCorp, Col-

lege Station, Tex).
RESULTS

Population characteristics
Three thousand five hundred fifty children and adolescents

with complete case information were included in this analysis.
Two thousand four hundred ninety-five were born in the US and
lived with a US-born head of household, 714 were born in the
US and lived with a non–US-born head of household, and 341
were born outside the US. Among the foreign-born children, 97
were estimated to have arrived in the US before the age of 2
years and 244 at age 2 years or older. Compared with US-born
children and adolescents, foreign-born children and adolescents
were older, lived in poorer households, and were more likely to
be Hispanic or of ‘‘other’’ race/ethnicity. Other demographic
differences among the US-born and foreign-born groups are
shown in Table I.

Twenty percent of subjects were sensitized to at least 1 food:
11% to milk, 6% to egg, and 10% to peanut. See Table I and Figs
E1 and E2 in this article’s Online Repository at www.jacionline.
org for more details.
Comparisons of US-born versus foreign-born

children and adolescents
After adjusting for race/ethnicity, age, sex, and household

income, US-born children and adolescents were significantly
more likely to be sensitized to any food (OR, 2.05; 95% CI, 1.49-
2.83; P <.001), milk (OR, 2.10; 95% CI, 1.13-3.92; P5 .02), and
egg (OR, 6.52; 95% CI, 1.56-27.20; P 5 .01) than foreign-born
children and adolescents (Fig 1). There was no evidence of heter-
ogeneity by race/ethnicity for the relationship between nativity
and food sensitization (ORs of 1.84 for Hispanics, 1.24 for whites,
1.49 for African Americans, and 1.50 for ‘‘other’’ subjects; P > .3
for all interaction terms).

The trend was the samewhen higher levels of specific IgE were
used to identify subjects with probable food allergy (OR, 2.15;
95% CI, 0.71-6.49; P5 .16), although these analyses were under-
powered given the small numbers of subjects meeting these cut-
offs; only 3 foreign-born subjects had specific IgE putting them
in the probable food allergy category.

Compared with foreign-born children and adolescents, US-
born children and adolescents were also statistically significantly
more likely to be sensitized to cat (OR, 2.11; 95% CI, 1.68-2.65),
dog (OR, 2.96; 95% CI, 1.48-5.91), and Alternaria species (OR,
4.80; 95% CI, 1.28-17.94) and were less likely to be sensitized to
cockroach (OR, 0.52; 95% CI, 0.38-0.70). A question that asked
about whether cockroaches were seen in the home in the past year
was included to assess whether the lower odds of cockroach
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TABLE I. Demographic features of US-born children and adolescents

US-born Foreign-born Foreign-born vs US-born

Living in nonimmigrant

households

Living in immigrant

households P value

Arrived

<2 y of age

Arrived

>_2 y of age P value P value

No. 2495 714 97 244

Mean age (y) 11.4 9.2 <.001 10.1 14.7 <.001 <.001

Mean poverty income ratio 2.7 2.1 .002 2.5 1.7 .09 .001

Ethnicity <.001 <.001

Hispanic 8% 62% 39% 61%

Non-Hispanic white 70% 22% 26% 16%

African American 16% 6% 10% 8% .37

Other 6% 10% 25% 14%

Male sex 53% 47% .07 53% 51% .87 .92

Any food sensitization 20% 28% <.001 18% 8% .02 <.001

Milk sensitization 10% 19% .001 10% 3% .04 .007

Egg sensitization 6% 9% .12 2% 0.1% .009 .001

Peanut sensitization 10% 10% .99 10% 6% .32 .15

All analyses account for the survey design of the study, as discussed in the Methods section. The poverty income ratio is defined as the ratio of household income to the poverty

line. P values represent unadjusted comparisons.
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sensitization among US-born children was due to exposure to
cockroach. US-born subjects were less likely to report seeing
cockroaches in their homes (OR, 0.56; 95% CI, 0.37-0.83), but
adjusting for this did not substantially change the relationship be-
tween cockroach sensitization and nativity (OR, 0.54; 95% CI,
0.40-0.74).

US-born children and adolescents were also more likely to
report a diagnosis of asthma (OR, 2.19; 95%CI, 1.02-4.68).When
analyses were restricted to only those aged 6 years and older, the
relationship between nativity and asthma was of similar magni-
tude but was no longer statistically significant (OR, 2.12; 95%CI,
0.98-4.60). There were no statistically significant differences in
the rates of reported diagnoses of hay fever (OR, 2.96; 95% CI,
0.39-22.39) or eczema (OR, 1.97; 95% CI, 0.65-5.95; Table II).
Seasonal allergen sensitization, which was only assessed among
those aged 6 years and older, was more common among US-
born children and adolescents (OR, 1.76; 95% CI, 1.16-2.66;
P 5 .01).
TABLE II. Comparison of US-born with foreign-born children and

adolescents

OR 95% CI P value

Food sensitizations

Any food 2.05 1.49-2.83 <.001

Milk 2.10 1.13-3.92 .02

Egg 6.52 1.56-27.20 .01

Peanut 1.52 0.88-2.62 .13

Other sensitizations

Dust mite 1.20 0.73-1.99 .44

Cockroach 0.52 0.38-0.70 <.001

Cat 2.11 1.68-2.65 <.001

Dog 2.96 1.48-5.91 .004

Alternaria species 4.80 1.28-17.94 .02

Asthma* 2.19 1.02-4.68 .045

Hay fever* 2.96 0.39-22.39 .27

Eczema� 1.97 0.65-5.95 .21

All analyses are adjusted for age, sex, poverty income ratio, and ethnicity. Food

sensitization is defined as at least 1 specific IgE level to milk, egg, or peanut of 0.35

kU/L or greater. N 5 3550 for all analyses, except for *n 5 3546 and �n 5 3540.

Values in boldface are statistically significant.
Comparisons within US-born groups of children

and adolescents
US-born children were then divided into 2 groups based on

householder nativity. Compared with those not living in immi-
grant households, those living in immigrant households were
significantly more likely to be sensitized to any food (OR, 1.53;
95% CI, 1.05-2.24; P5 .02), milk (OR, 1.74; 95% CI, 1.06-2.86;
P 5 .04), and egg and peanut, although not statistically signifi-
cantly (Fig 1). The trend was the also the same with probable
food allergy (OR, 1.92; 95% CI, 0.71-5.23; P 5 .18; Table III).

Unlike the US-born versus foreign-born comparison, where
trends were consistent across foods, aeroallergens, and atopic
diseases, there did not appear to be any relationship between
living in immigrant versus US-born households and the rate of
aeroallergen sensitizations, except for cockroach (OR, 1.69; 95%
CI, 1.02-2.77). Adjusting for the sighting of cockroach in the
home did not materially alter this relationship (adjusted OR, 1.66;
95% CI, 0.99-2.76). Rates of asthma, hay fever, and eczema were
actually lower in those living in immigrant households, although
the differences were not statistically significant (OR of 0.73 and
95% CI of 0.44-1.22 for asthma, OR of 0.23 and 95% CI of 0.05-
1.02 for hay fever, and OR of 0.91 and 95% CI of 0.64-1.31 for
eczema). Similar results were found when analyses were re-
stricted to only those older than 6 years (OR of 0.81 and 95%CI of
0.49-1.33 for asthma).
Comparisons within groups of foreign-born

children and adolescents
Compared with children and adolescents who immigrated at an

estimated age of at least 2 years, those who immigrated at earlier
ages had higher odds of any food sensitization (OR, 2.69; 95%CI,
1.19-6.08; P 5 .02), although the differences in individual food
sensitizations were not statistically significant: milk sensitization
(OR, 3.37; 95% CI, 0.81-13.94; P 5 .09), egg sensitization (OR,
10.05; 95% CI, 0.99-102.19; P 5 .051), and peanut sensitization
(OR, 2.51; 95% CI, 0.89-7.12; P 5 .08), see Fig 1. The relation-
ship between sensitization to aeroallergens and age of immigra-
tion was more mixed and not statistically significant; the ORs
comparing those who immigrated earlier with those who



TABLE III. Comparison of US-born children and adolescents

living in immigrant households versus US-born children and

adolescents living in nonimmigrant households

OR 95% CI P value

Food sensitizations

Any food 1.53 1.05-2.24 .03

Milk 1.74 1.06-2.86 .03

Egg 1.42 0.69-2.91 .31

Peanut 1.21 0.74-1.98 .42

Other sensitizations

Dust mite 1.16 0.78-1.72 .45

Cockroach 1.69 1.02-2.77 .04

Cat 1.17 0.75-1.84 .47

Dog 1.08 0.79-1.68 .70

Alternaria species 1.01 0.66-1.56 .95

Asthma* 0.73 0.44-1.22 .21

Hay fever* 0.23 0.05-1.02 .053

Eczema� 0.91 0.64-1.31 .60

All analyses are adjusted for age, sex, poverty income ratio, and ethnicity. Food

sensitization is defined as at least 1 specific IgE level to milk, egg, or peanut of 0.35

kU/L or greater. N 5 3209 for all analyses except for *n 5 3205 and �n 5 3200.

Values in boldface are statistically significant.
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immigrated later were 0.47 for dust mite (95% CI, 0.21-1.04; P5
.06), 1.07 for cockroach (95%CI, 0.50-2.28; P5 .85), 2.88 for cat
(95% CI, 0.69-12.01; P5 .14), 2.27 for dog (95% CI, 0.55-9.37;
P 5 .24), and 4.97 for Alternaria species (95% CI, 0.79-31.23;
P 5 .08). There was no difference in the rate of asthma (OR,
1.03; 95% CI, 0.21-5.01; P 5 .97) or eczema (OR, 3.98; 95%
CI, 0.40-39.85; P 5 .22). If only those aged older than 6 years
were included, there remained no association with asthma (OR,
1.52; 95% CI, 0.33-7.10; P 5 .57).
Potential mediators of these relationships
The differences in food sensitization between US-born and

foreign-born children and adolescents, between US-born children
and adolescents living and not living in immigrant households,
and between those arriving at younger than 2 years of age and
those arriving later were independent of vitamin D status, history
of eczema, body mass index z score, household size, educational
status of the head of household, and marital status of the head of
household when each of these potential confounder/mediators
were included separately in the multivariate model (see Tables
E1-E3 in this article’s Online Repository at www.jacionline.
org). The relationship between food sensitization and head-of-
household immigration history did not differ by head-of-
household sex (P 5 .18 for the interaction).
Ethnic differences in odds of sensitization to food
Among US-born children and adolescents, all other ethnic

groups had higher rates of food sensitization than whites (OR of
1.59 and 95% CI of 1.12-2.67 for Hispanic children and adoles-
cents; OR of 2.43 and 95% CI of 1.12-2.67 for African American
children and adolescents; andOR of 1.63 and 95%CI of 1.06-2.52
for ‘‘other’’ race/ethnicity children and adolescents vs white
children and adolescents). When the adjustment was made for the
presence of a foreign-born head of household, the difference
between Hispanic and white children and adolescents was no
longer significant (OR, 1.29; 95% CI, 0.90-1.85), but there
continued to be significantly higher rates of food sensitization
for African American (OR, 2.44; 95% CI, 1.63-3.64) and ‘‘other’’
(OR, 1.52; 95% CI, 1.01-2.29) children and adolescents com-
pared with white children and adolescents, suggesting that ethnic
differences in the rates of food sensitization are independent of
migration history.
DISCUSSION
In this large, nationally representative US samplewe found that

both personal and parental nativity were risk factors for food
sensitization. As has previously been reported for respiratory
allergy, foreign birth was associated with a lower risk of food
sensitization. However, foreign-born children who immigrate
during infancy lose some of the protective effects of foreign birth,
suggesting that early-life exposure to a developed country confers
increased risk of sensitization. Although we might therefore
expect that children of immigrants born in the US would have a
risk of food sensitization similar to that of other US-born children,
we found that US-born children of immigrants are actually at
greater risk of food sensitization. This finding corroborates our
clinical observations and suggests that foreign-born parentage
might interact with birth in a developed country to increase the
risk of food sensitization.

It is not surprising that foreign-born immigrants to the US have
low rates of food sensitization. Previous studies report that rates of
aeroallergen sensitization, with a few exceptions, are lower
among immigrants to the developed world than native-born
residents.5-17 Our findings extend this to food sensitization and
additionally find age of immigration to be an important risk factor
for food sensitization. These findings are consonant with the hy-
giene hypothesis, which posits that infectious exposures during
critical developmental periods modulate the immune response
in a way that is protective against allergy.27 Recently, as evidence
for this theory has grown, attention has shifted from individual ex-
posures to the prenatal and cross-generational effects of infectious
exposures.28-30 On the basis of data showing that maternal and fe-
tal responses are highly correlated,31 some have speculated that
the effects of changes in the environment on allergic risk accrete
slowly over generations, arguing that ‘‘a cumulative increase in
the level of immunological responsiveness occurs through
cross-generational effects on immunity.’’32 Our findings that the
US-born children of immigrants are at the highest risk of sensiti-
zation contradict this theory and raise the possibility that instead
of cross-generational transmission of low allergy risk, there are in
fact parental factors specific to immigrants that promote allergy.

Genetic factors are one possible explanation. There is consid-
erable evidence that the human immune system evolved in
response to infectious pressures related to intestinal infections,33

and it is theorized that the same genetic polymorphisms both
protect against intestinal parasite infections and predispose to al-
lergy.34-39 Thus, those with the highest genetic fitness in an envi-
ronment of high pathogen density might bemost at risk for allergy
under the pathogen-poor conditions of the US. With subsequent
generations, admixture into the majority European-descended
US population would dilute this genetic propensity.

Another possibility is that the abrupt change in environment
that occurs with immigration increases sensitization. For exam-
ple, others have suggested that novel allergen exposures are
responsible for the high rates of allergy in children of immi-
grants,21 although the fact that immigrants themselves had such
low rates of allergic sensitization argues against this. Another

http://www.jacionline.org
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FIG 1. Proportion of subjects sensitized to at least 1 food (milk, egg, or peanut) by group. P values were cal-

culated from multiple logistic regression adjusting for age, sex, race/ethnicity and income. HH, Head of

household.
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possibility is that the specific infectious history of the immigrant
mother might contribute to sensitization in her child. Chronic in-
testinal infections, especially by helminths, cause a huge burden
of diseaseworldwide, infecting an estimated one sixth to one third
of the world’s population at any given time.40,41 In contrast to in-
fectious agents found on European farms, they cause a modified
TH2 response

41 rather than TH1 deviation.
41,42 Perhaps, on immi-

gration to the US, the legacy of these previous infections involves
an intrauterine environment that can confer TH2 deviation on sub-
sequent children, increasing their risk of sensitization.

Other environmental conditions distinctive to immigrants
might also predispose to food sensitization. Although the specific
causal exposures might not be clear, urban living, maternal
history of low socioeconomic status, and current poverty, all of
which are more common among immigrants, have been associ-
ated with allergy-promoting immune deviation.43,44 The fact that
cockroach sensitization was more common among children and
adolescents living in immigrant households, even after account-
ing for family income, suggests that there might be residual con-
founding by socioeconomic status within our data, perhaps
explaining some of the relationship between food sensitization
and residence in an immigrant household. It is worth noting
that if an unmeasured socioeconomic factor is responsible for
these findings, it stands in contrast to other conditions, such as ad-
verse birth outcomes and asthma, in which protective cultural
practices are thought to explain the better outcomes of children
of immigrants, even in the face of worse socioeconomic sta-
tus,45,46 and in which increased acculturation has been associated
with poorer outcomes by some.25,46-48 Exclusive breast-feed-
ing,45,46 a practicemore common among immigrants, has been as-
sociated with increased risk of food sensitization49; perhaps it
plays a role here.

Although US-born children and adolescents living in immi-
grant households were more likely to be sensitized to foods than
US-born children and adolescents not living in immigrant
households, they were generally no more likely to be sensitized
to aeroallergens (except cockroach) or to report a history of
diagnosis of asthma, hay fever, or eczema. It is biologically
plausible that food sensitization and allergy might have risk
factors distinct from those of sensitization to aeroallergens, and
that food allergy might have risk factors distinct from those of
asthma, hay fever, and eczema, even though these diseases are
often correlated. Sensitization to the major food allergens is
thought to develop within the first few years of life, and thus
factors that work during this time might be more important for
food allergen than for aeroallergen sensitizations, which tend to
develop later in childhood. This trend might also be evident in the
fact that peanut sensitization was much less related to personal or
parental nativity than the other foods. Peanut sensitization tends
to increase with age and is frequently related to cross-reactivity
with pollens.50 Other atopic diseases, such as asthma and eczema,
also have complex allergic and nonallergic risk factors, which
might be distinct from those for food sensitization.

Cockroach sensitization followed distinct patterns from the
remainder of specific sensitizations; both foreign-born subjects
and those living in immigrant households were more likely to be
sensitized to cockroach than US-born nonimmigrants. This might
be related to household exposures; both of these groups were
more likely to report seeing a cockroach in the past year than those
living in nonimmigrant households, although adjusting for house-
hold presence of cockroach did not remove the association with
immigration, suggesting that the relationship between nativity
category and cockroach sensitization is not a result of differences
in cockroach exposure. Although these are the best cockroach
exposure data available in NHANES, they are limited in that the
question only refers to the year prior; there might be residual
confounding not adjusted for in these analyses. However, another
factor to explain this pattern is that cockroach and intestinal
helminths are cross-reactive51 and that the cockroach sensitiza-
tion found among immigrants might be related to a history of in-
testinal infections.

One potential limitation to the approach taken here is that head-
of-household nativity status is an imprecise measure of parental
nativity. That being said, census data indicate that about 90% of
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children in similar surveys are children of the named head of
household, and it is a reasonable assumption that the nativity of
the head of the household would track closely with the biological
parent’s nativity. Moreover, given that misclassification of the
parent’s nativity is likely unrelated to food sensitization status,
we would expect that any misclassification would result in an un-
derestimate of the effect of parental nativity in our analysis. Sim-
ilarly, for our analyses of age at immigration, wewere only able to
approximate age of immigration. Like anymisclassification of the
immigration status of the parent, we would expect that misclassi-
fication of this variable would result in a conservative bias to our
effect estimates and that the real relationship is even stronger than
we were able to find here. Another limitation is that we only had
information about food sensitization but not food reactivity.Many
of the sensitized subjects might not be clinically reactive to the
foods. When we looked at the higher levels of food-specific IgE
that are predictive of food allergy, the same trends were seen, al-
though the analyses were underpowered. Further studies will need
to be done to determine whether clinical food allergy follows the
same patterns we saw here.

In summary, in this large population representative of the
noninstitutionalized US population, we found that the risk of food
sensitization immediately increases on immigration to the US
during early childhood and that those living in immigrant
households but born in the US are at even greater risk for food
sensitization than US-born children and adolescents who do not
live in immigrant households. Identifying the reasons for these
findings might provide insight into the mechanisms of food
allergy and its rapid increase in prevalence.

Clinical implications: Although foreign-born children and ado-
lescents are at lower risk of food sensitization than those born in
the US, among the US-born, children of immigrants are at the
highest risk.
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FIG E1. Proportion of subjects sensitized to milk (red line), egg (green line),
peanut (orange line), and at least 1 food (blue line) by age. Sensitization is

defined as a specific IgE level of 0.35 or greater. The graph is locally

weighted regression smoothed with a bandwidth of 0.8.
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FIG E2. Proportion of subjects sensitized to milk (red line), egg (green line), peanut (orange line), and at

least 1 food (blue line) by age and nativity. The left panel shows US-born children and adolescents, and

the right panel shows foreign-born children and adolescents. Sensitization is defined as a specific IgE level

of 0.35 or greater. Graphs are locally weighted regression smoothed with a bandwidth of 0.8.
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TABLE E1. Potential mediators/confounders of the relationship between personal nativity and food sensitization

Confounders/mediators included in model Adjusted OR (95% CI) P value No. of subjects

None (crude) 2.06 (1.46-2.92) <.001 3550

Income, age, sex, race/ethnicity (standard) 2.05 (1.49-2.83) <.001 3550

Standard plus vitamin D 2.10 (1.52-2.90) <.001 3536

Standard plus BMI 1.97 (1.42-2.73) .001 3330

Standard plus eczema 2.05 (1.48-2.82) <.001 3540

Standard plus household size 2.05 (1.47-2.86) <.001 3550

Standard plus family size 2.04 (1.46-2.84) <.001 3550

Standard plus HH marital status 2.04 (1.46-2.86) <.001 3383

Standard plus HH educational level 2.05 (1.49-2.83) <.001 3550

ORs are for odds of food sensitization in US-born versus foreign-born children and adolescents.

BMI, Body mass index; HH, head of household.
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TABLE E2. Potential mediators of the relationship between head-of-household nativity and food sensitization among US-born children

and adolescents

Confounders/mediators included in model Adjusted OR (95% CI) P value No. of subjects

None (crude) 1.60 (1.14-2.25) .01 3209

Income, age, sex, race/ethnicity (standard) 1.53 (1.05-2.24) .03 3209

Standard plus vitamin D 1.53 (1.04-2.24) .03 3196

Standard plus BMI 1.63 (1.12-2.38) .01 2994

Standard plus eczema 1.53 (1.04-2.25) .03 3200

Standard plus household size 1.53 (1.04-2.27) .03 3209

Standard plus family size 1.54 (1.04-2.26) .03 3209

Standard plus HH marital status 1.62 (1.13-2.32) .01 3060

Standard plus HH educational level 1.55 (1.06-2.26) .03 3209

ORs are for odds of food sensitization in US-born children and adolescents living in immigrant versus nonimmigrant households.

BMI, Body mass index; HH, head of household.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

KEET, WOOD, AND MATSUI 7.e4



TABLE E3. Potential mediators/confounders of the relationship between age of immigration and food sensitization

Confounders/mediators included in model Adjusted OR (95% CI) P value No. of subjects

None (crude) 2.40 (1.18-4.88) .02 333

Income, age, sex, race/ethnicity (standard) 2.74 (1.25-6.03) .02 333

Standard plus vitamin D 3.02 (1.19-7.66) .02 332

Standard plus BMI 2.95 (1.23-7.08) .02 328

Standard plus eczema 2.88 (1.37-6.07) .008 332

Standard plus household size 2.73 (1.18-6.34) .02 333

Standard plus family size 2.75 (1.24-6.09) .02 333

Standard plus HH marital status 2.54 (1.07-6.01) .04 315

Standard plus HH educational level 2.93 (1.11-7.79) .03 333

ORs are for odds of food sensitization in foreign-born children and adolescents who arrived before the age of 2 years versus after the age of 2 years.

BMI, Body mass index; HH, head of household.
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