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B S T R A C T

ackground: Epidemiologic studies support the hypothesis that reduced microbial exposure in westernized
ocieties promotes atopy. Dichlorophenols are widely used as pesticides and for chlorination of water. They
ave a strong bactericidal effect that could affect microflora in the environment. However, it is unknown

whether their use is associated with a higher prevalence of allergies.
Objective: To test the association between exposure to environmental pesticides represented by dichlor-
ophenols and allergic sensitization measured by allergen-specific serum IgE levels in a US nationally
representative sample of 2,211 persons 6 years and older in the National Health and Nutrition Examination
Survey 2005-2006.
Methods: Exposure to dichlorophenols was defined as high if their levels in urine were present at the 75th
percentile and above. Association of the high exposure to dichlorophenols with sensitization to food and
environmental allergens was assessed in logistic regression models after adjustment for sample weights and
potential confounders.
Results: Sensitizations to 1 or more food allergens were more common in those with exposure to 2
dichlorophenol metabolites. After multivariable adjustment, urine dichlorophenol levels at the 75th
percentile and above were associated with the presence of sensitization to foods (odds ratio, 1.8; 95%
confidence interval, 1.2-2.5; P ¼ .003). No significant association was found between dichlorophenol
exposure and sensitization to aeroallergens alone.
Conclusion: High urine levels of dichlorophenols are associated with the presence of sensitization to foods
in a US population. Excessive use of dichlorophenols may contribute to the increasing incidence of food
allergies in westernized societies.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction nonpathogenic microbia due to increased hygiene has been most
Atopic conditions are highly prevalent in countries with
a westernized lifestyle.1 Several hypotheses have been proposed to
explain the associations between food and environmental allergies
and the westernized lifestyle. Decreased infections or exposure to
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strongly associated with atopy.2e4 Decreased exposure to envi-
ronmental microbia can be affected by several factors, including the
use of mechanical barriers, such as asphalt pavements,4 living in
apartment houses as opposed to living in single-family houses,5

reduced farming,6 use of a large amount of pesticides by indus-
trial agriculture facilities,7 andwater and soil treatment practices in
westernized countries.4,8,9

Chlorophenol metabolites derived from pesticides and antimi-
crobials are common in westernized environments.10e12 The major
source of 2,4-dichlorophenol in the environment is degradation of
2,4-dichlorophenoxyacetic acid in soil and water.10,13 It can be
formed as a byproduct during the manufacturing of various chlori-
nated chemicals, the chlorination processes involving water treat-
ment, and the incinerationorcombustionofmunicipal solidwaste.10

In addition, 2,4-dichlorophenol comes from chlorophenoxyacetic
acid used as an herbicide.
Immunology. Published by Elsevier Inc. All rights reserved.
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2,5-Dichlorophenol is a metabolite of 1,4-dichlorobenzene that
has been detected in surface water around the world. Surface water
detections have been mostly attributed to improper chemical
disposal, direct manufacturing sources, chemical waste dumps, and
use as urinal block deodorizers that contribute to sewage water
contamination.12 It can also be detected in air of households and
bathrooms where moth balls and deodorizers are used.14 General
population exposure to dichlorophenols occurs through drinking
chlorinated water, from breathing of contaminated air, or through
skin contact with dichlorophenol-containing pesticides.10,12,15

Chlorophenols present in the environment may cause a
decrease in microbial exposure because of their antiseptic action. It
is unknown whether their use is associated with a higher preva-
lence of allergic conditions. To test this association, we examined
the relationship between exposure to chlorinated phenols in
a national representative sample of the general US population and
the prevalence of sensitization to foods and environmental aller-
gens, as measured by serum IgE levels in the US National Health
and Nutrition Examination Survey (NHANES) 2005-2006. We
hypothesized that higher levels of chlorinated phenols would be
positively associated with allergic sensitization.

Methods

Study population

The NHANES 2005-2006 database represents the civilian
noninstitutionalized population of the United States. A complex,
multistage, clustered, and stratified probability sample design was
used to select participants. To obtain accurate estimates in the
subpopulations, non-Hispanic blacks and Mexican Americans were
oversampled. Data from the survey and details of the plan and
operation of NHANES 2005-2006 are publically available on the
Centers for Disease Control and Prevention/National Center for
Health Statistics’ website at http://www.cdc.gov/nchs/nhanes.htm.
All participants and/or their parents signed informed consent forms
for participation inNHANES.Data collection forNHANES2005-2006
was approved by the National Center for Health Statistics (NCHS)
Research Ethics Review Board. Analysis of restricted data through
the NCHS Research Data Center was also approved by the NCHS
Ethics Review Board. The study was classified as exempt by Albert
Einstein College of Medicine Institutional Review Board.

In the 2005-2006 data set, urinary metabolites of chlorinated
phenols were measured in a randomly selected one-third
subsample of persons 6 years and older. For this analysis, we
included all participants who had dichlorophenols and allergen-
specific IgE levels measured. Participants with missing covari-
ables included in the multivariable-adjusted model were excluded.

Data collection

Pesticide exposurewasdetermined in2ways: (1) aquestionnaire
about the use of pesticides in the past 7 days in the home to control
insects or on the lawn or garden to control weeds and (2)
measurementof the chlorinatedphenolmetabolites inurine.Details
of the laboratory protocol and measurements can be found on the
NHANES website (http://www.cdc.gov/nchs/nhanes/nhanes2005-
2006/lab05_06.htm). Chlorinated phenol levels were measured
using gas chromatography or high-performance chromatography
coupled with different detection techniques. The detection limits in
100 mL of urine are 0.1 to 2 ng/mL, which is sufficient for measuring
urinary levels of phenols in nonoccupationally exposed individuals.

Environmental pesticides measured in NHANES 2005-
2006 included 2,4-dichlorophenol, 2,5-dichlorophenol, ortho-
phenylphenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol.
We included only the dichlorophenols (2,4-dichlorophenol and
2,5-dichlorophenol) in our analysis because there were a limited
number of observations above the limit of detection for tri-
chlorophenols and orthophenylphenol in the NHANES 2005-2006
database. In addition, trichlorophenols are no longer manufac-
tured commercially in the United States.11 Statistical evaluation
indicated that the distribution of urine dichlorophenol levels is
not well approximated by the normal (gaussian) distribution. For
this analysis, we used log-transformed values and dichlorophenol
levels dichotomized at the 75th percentile. The levels equal to or
above the 75th percentile value were defined as high dichlor-
ophenol levels. We analyzed the associations between high
dichlorophenol levels by the presence of either one dichlor-
ophenol metabolite in urine and by having high levels of both
metabolites in urine. We attempted to evaluate whether the
exposure to both dichlorophenols could have a stronger associ-
ation with the outcomes.

Allergic sensitization was measured as antigen-specific IgE
levels. Participants were tested for allergen-specific serum IgE by
using the Pharmacia Diagnostics ImmunoCAP 1000 System
(Pharmacia Diagnostics, Kalamazoo, Michigan). Allergen-specific
IgE levels were measured for Dermatophagoides farinae, Dermato-
phagoides pteronyssinus, cat, dog, German cockroach, Alternaria
alternata, peanut, egg,milk, short ragweed, ryegrass, Bermudagrass,
white oak, birch, shrimp, Aspergillus fumigatus, Russian thistle,
mouse, and rat. Positive allergic sensitization was defined as an
allergen-specific serum IgE of 0.35 kU/L or higher. Food allergy was
definedas thepresenceof anallergen-specific serumIgEof 0.35kU/L
or higher to at least one of the following food allergens: peanut, egg,
milk, or shrimp. Environmental allergy was defined as the presence
of an allergen-specific serum IgE level of 0.35 kU/L or greater to at
least one of the other listed allergens and excluding foods. Having
both food and environmental allergies was defined as having
a positive reaction to the combination of at least 1 food and at least
1 environmental allergen. Serum 25-hydroxy-vitamin D levelswere
measured with a 2-step procedure for detection (25-hydroxy-
vitamin D assay; Diasorin, Inc, Stillwater, Minnesota). The assay can
detect serum 25-hydroxy-vitamin D values from 5 to 100 ng/mL.
Vitamin D levels were categorized into 3 groups: low (<15 ng/mL),
insufficient (15-29 ng/mL), and sufficient (�30 ng/mL). Trained staff
collected information on demographics, including age, sex, self-
identified race/ethnicity, and the poverty-income ratio, with
values of less than 1.00 being below the poverty threshold and
defining low socioeconomic status in this analysis.

Geographic variables, including state, county, and tract, were
used to merge in US Census 2000 variables, which provided
contextual information of the participants residence (urban vs
rural). According to the definition of the US Census 2000, urban
residence was defined as a densely settled core and the adjacent
densely settled surrounding territory (with a density of at least 500
people per square mile) that together has a minimum of 2,500
people or more. Rural residence was defined as all territory, pop-
ulation, and housing units located outside the urban residence.16

State, county, and tract are restricted variables. Therefore, these
data were accessed through the Research Data Center at the NCHS
(Hyattsville, Maryland).
Statistical analyses

Participants’ characteristics were calculated separately by the
presence of sensitization to food and environmental allergies.
Nonsensitized individuals served as a control group. Bivariate tests
of associationswere performed, and nonparametric tests were used
when necessary. Potential confounders were entered into the initial
model when associations between predictor variables and allergic
sensitization had a P� .20. Age, sex, race/ethnicity, vitamin D levels,
pesticide use at home, creatinine level, the presence of asthma and
hay fever, and residence of the participants (dichotomized as urban

http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/lab05_06.htm
http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/lab05_06.htm


Table 1
Participants’ characteristics by food and environmental allergy presence, NHANES 2005-2006a

Characteristic All participants
(n¼2,211)

Sensitization to food allergens Sensitization to environmental allergens

Yes (n¼411) No (n¼1,800) P value Yes (n¼1,016) No (n¼1,195) P value

Age, y 39.5 (0.9) 37.2 (1.1) 39.9 (1.2) .10 37.9 (0.9) 40.7 (1.3) .04
Male sex, % 49 (0.02) 60.7 (0.03) 46.7 (0.02) .003 57.0 (0.02) 42.7 (0.02) <.001
Race/ethnicity, % <.001 .01
Non-Hispanic white 71.1 (0.03) 61.7 (0.04) 72.8 (0.03) 67.2 (0.04) 74.0 (0.03)
Non-Hispanic black 11.6 (0.2) 20.0 (0.03) 10.1 (0.02) 14.9 (0.03) 9.2 (0.02)
Mexican American 8.9 (0.01) 8.9 (0.02) 8.9 (0.01) 8.8 (0.01) 9.0 (0.01)
Other 8.4 (0.01) 9.4 (0.02) 8.2 (0.01) 9.1 (0.02) 7.8 (0.01)

Low SES,b % 12.8 (0.01) 14.0 (0.01) 12.5 (0.01) .40 13.6 (0.01) 12.1 (0.01) .30
Presence of dichlorophenol metabolites in urine, %c <.001 .047
Low dichlorophenols (<75th percentile) 79.6 (0.02) 69.5 (0.03) 81.4 (0.02) 77.4 (0.02) 81.2 (0.02)
One high dichlorophenol (�75th percentile) 9.0 (0.007) 12.8 (0.02) 8.3 (0.007) 10.6 (0.01) 7.8 (0.007)
Two high dichlorophenols (�75th percentile) 11.4 (0.01) 17.7 (0.02) 10.3 (0.01) 12.0 (0.01) 11.0 (0.02)

Vitamin D, % <.005 <.04
<15 ng/mL 15.0 (0.02) 21.0 (0.03) 13.9 (0.01) 16.5 (0.02) 14.0 (0.01)
15-29 ng/mL 61.5 (0.01) 60.9 (0.03) 61.6 (0.01) 63.7 (0.02) 59.8 (0.02)
�30 ng/mL 23.5 (0.02) 18.1 (0.02) 24.5 (0.02) 19.8 (0.02) 26.2 (0.02)

Asthma, %d 13.2 (0.01) 20.7 (0.03) 11.8 (0.01) .004 18.5 (0.01) 9.2 (0.01) <.001
Allergies, %d 32.7 (0.01) 42.0 (0.04) 31.1 (0.01) .01 42.9 (0.03) 25.2 (0.01) <.001
Hay fever, %d 11.0 (0.01) 19.3 (0.02) 9.6 (0.01) .002 18.0 (0.01) 6.0 (0.01) <.001
Use products at home to control insects, %e 9.3 (0.01) 6.0 (0.02) 10.0 (0.01) .03 8.7 (0.02) 10.0 (0.01) .50
Use products in garden to control weeds, %e 8.0 (0.01) 7.3 (0.02) 8.9 (0.02) .60 8.1 (0.01) 9.2 (0.01) .50
Residence, % .03 .07
Urbanf 50.3 (0.08) 55.1 (0.07) 48.3 (0.07) 52.6 (0.07) 47.0 (0.07)
Ruralg 49.7 (0.08) 44.9 (0.07) 51.7 (0.07) 47.4 (0.07) 53.0 (0.07)

Abbreviations: NHANES, National Health and Nutrition Examination Survey; SES, socioeconomic status.
aAll estimates are weighted to the sampling weights. All data is presented as mean (SE).
bPercentage of participants with a poverty-income ratio of less than 1.0.
cPresence of dichlorophenol metabolites in urine was defined as levels equal to or above the 75th percentile value.
dSelf-reported allergies, asthma, and hay fever as having been told by a physician.
eSelf-reported use of pesticides in the past 7 days in the home to control insects or on the lawn or garden to control weeds.
fDensely settled core and the adjacent densely settled surrounding territory (with a density of at least 500 people per square mile) that together have a minimum of 2,500
people.
gAll population located outside the urban residence.
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and rural) were retained in the adjusted models based on these
associations and findings from previous studies.17e19 All terms,
including dichlorophenols and creatinine, were entered into the
model as separate independent variables to allow for an appro-
priate adjustment of urinary dichlorophenols and of the other
variables in the model by urinary creatinine.20

Multivariable logistic regression models were used to assess the
association of dichlorophenol exposure with food allergies, envi-
ronmental allergies, or both. All analyses used survey command
(svy) in Stata statistical software, version 11.2 (StataCorp, College
Station, Texas) to account for the complex, multistage probability
sample survey design used in NHANES 2005-2006. P <.05 was
considered significant.
Figure 1. Association between high urine dichlorophenol levels (�75th percentile)
and allergy to foods. *P < .05, weighted c2 test. **P < .01, weighted c2 test.
Results

Participants’ characteristics

Amongthe10,348NHANESparticipants2,548hadbothmeasures
ofdichlorophenols in theurineandallergy testing.Of these, 337were
excluded because of missing data for covariables, resulting in a final
sample of 2,211. The 2,211 included in the analysis represent
232,512,264 persons in the United States. Of 2,211 participants,
2,182 had levels of 2,5-dichlorophenol above the limit of detection
and 2,020 participants had levels of 2,4-dichlorophenol above the
limitofdetection (limitofdetection forbothwas0.14mg/L). Therange
of the measured urine concentration was 0.14 to 19,600 mg/L for
2,5-dichlorophenol and 0.14 to 1,230 mg/L for 2,4-dichlorophenol.
The crude concentration for the 75th percentile was 53.7 mg/L of
2,5-dichlorophenol and 2.9 mg/L for 2,4-dichlorophenol.

Participant characteristics are listed in Table 1. Of 2,211 partici-
pants, 411 were sensitized to at least 1 food allergen and 1,016 to at
least 1 environmental allergen.
In an unadjusted context, having a high level of 1 or more
dichlorophenol metabolites in the urine (at the 75th percentile or
above) was significantly associated with sensitization to food
(Table 1 and Fig 1) and environmental allergens (Table 1). Food but
not environmental allergen sensitivity was positively associated
with the use of home pesticides and urban living (Table 1).

Association of high dichlorophenol levels with food and
environmental allergies

A multivariable analysis was performed to further evaluate the
allergy association with high dichlorophenol levels using the



Table 2
Multivariable logistic regression analysis of factors independently associated with allergiesa

Characteristic Sensitization to food
allergens (n¼2,211)

Sensitization to environmental
allergens (n¼2,211)

Sensitization to food
and environmental allergens (n¼1,500)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age (in 5-year increments) 0.96 (0.92-1.0) .10 0.96 (0.93-0.99) .02 0.95 (0.91-0.99) .01
Male sex 1.8 (1.2-2.7) .006 1.8 (1.4-2.4) <.001 2.6 (1.6-4.5) .001
Race/ethnicity
Non-Hispanic white 1.0 1.0 1.0
Non-Hispanic black 1.8 (1.2-2.6) .007 1.7 (1.2-2.5) .01 2.1 (1.2-3.4) .008
Mexican American 1.0 (0.7-1.4) .89 1.0 (0.6-1.7) .99 1.0 (0.6-1.7) .99
Other 1.3 (0.9-2.3) .20 1.3 (0.8-2.2) .30 1.4 (0.7-2.9) .30

Presence of dichlorophenol metabolites in urineb

Low dichlorphenols (<75th percentile) 1.0 1.0 1.0
One high dichlorophenol (�75th percentile) 1.5 (0.9-2.4) .09 1.1 (0.8-1.7) .50 1.6 (0.9-2.8) .08
Two high dichlorophenols (�75th percentile) 1.8 (1.2-2.5) .003 0.96 (0.8-1.2) .70 1.61 (1.2-2.2) .005

Vitamin D
<15 ng/mL 1.7 (1.05-2.6) .03 1.4 (0.99-2.1) .05 1.9 (1.1-3.2) .02
15 to 29 ng/mL 1.2 (0.9-1.7) .20 1.3 (1.1-1.7) .02 1.2 (0.8-1.8) .30
�30 ng/mL 1.0 1.0 1.0

Asthmac 1.6 (1.02-2.5) .04 1.7 (1.1-2.7) .01 1.9 (0.95-3.7) .07
Hay feverc 2.5 (1.6-3.8) .001 3.7 (2.5-5.6) <.001 4.9 (2.9-8.1) <.001
Use products at home to control insectsd 0.5 (0.3-0.9) .02 0.8 (0.4-1.5) .50 0.5 (0.2-1.1) .08
Reside in rural arease 0.9 (0.7-1.2) .40 0.9 (0.7-1.1) .40 0.8 (0.6-1.2) .20

Abbreviations: CI, confidence interval; OR, odds ratio.
aAll estimates are weighted to the sampling weights. All models were adjusted for urinary creatinine that was added to the models as a separate independent variable.
bPresence of dichlorophenol metabolites in urine was defined as levels equal to or above the 75th percentile value.
cSelf-reported asthma and hay fever as having been told by a physician.
dSelf-reported use of pesticides in the past 7 days in the home to control insects.
eCompared with the residents of urban areas.
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potential confounders identified in the bivariable analysis. After
adjustment for age, sex, race, vitamin D levels, insecticide use at
home, presence of hay fever and asthma, and the place of residence,
the presence of high levels of the 2 dichlorophenol metabolites in
the urine remained significantly associated with sensitization to
food allergens (odds ratio, 1.8; 95% confidence interval, 1.2-2.5; P ¼
.003) (Table 2). However, in the adjusted model (as described in
Table 2), no significant associations between dichlorophenol
exposure and environmental allergies and between the place of
residence and sensitization to food or environmental allergens
were found. Sensitization to food allergens continued to be asso-
ciated with male sex, non-Hispanic black ethnicity, low vitamin D
levels, self-reported allergies, and home use of insecticide.

Socioeconomic status was not significantly associated with
allergic sensitization in the final models.
Associations in participants with both types of allergies

We also examined the association of dichlorophenol exposure in
the most atopic group of participants, who were sensitized to both
food and to environmental allergens. A total of 1,500 participants
met the criteria for this subanalysis. Of these, 358 had both food
and environmental allergies.

In the multivariable logistic regression model, having high urine
levels of 2 dichlorophenol metabolites was significantly associated
with being simultaneously sensitive to both food and environ-
mental allergies (odds ratio, 1.61; 95% confidence interval, 1.2-2.2;
P ¼ .005) (Table 2).
Discussion

Our analysis indicates that the presence of high levels of
dichlorophenols in the urine was significantly associated with
sensitization to food allergens and that this association occurs
regardless of cosensitization to common environmental allergens.
High levels of urine dichlorophenols were not associated with the
sensitization to environmental allergens in the absence of food
allergy. To our knowledge, this is the first study demonstrating an
association between high dichlorophenol levels and allergic
sensitization.

Because food allergies are more common in children,19 there is
a question on how clinically relevant these findings are. Our study
participants with sensitizations to foods had a mean age of 37.2
years. This is partially because urinary metabolites of chlorinated
phenols were not measured in children younger than 6 years in
NHANES 2005-2006, and therefore these children were excluded
from our analysis. However, in a recently published survey on food
allergies in Greece, the age of onset of food allergies in study
participants was not during the early childhood but during the
second and the third decades of life.21 In addition, certain food
allergies, such as seafood, are more prevalent among adults than
children as reported in Italy and the United States.22,23 Therefore, it
is reasonable to suggest that exposure to prevalent environmental
substances, such as dichlorophenols, may affect the development of
food allergies in adults, although the age of onset of sensitization to
food allergens in our study population is unknown.

Little is known about the association between sensitization to
foods and pesticide use in adults. However, previous studies have
found that pesticide exposure was associated with respiratory
allergic disorders, such as asthma and rhinitis, in both children and
adults.24e27 It is not completely understood how pesticides could
affect allergic sensitization. Carbaryl increased allergic sensitization
to dust mites in rats.28 In addition, biological interactions between
allergens and pesticides have been suggested.24

Studies in children have found that healthy commensal flora
influence mucosal immune tolerance. These flora are thought to be
responsible for the transition from the TH2-predominant profile in
early life to a more balanced phenotype in nonallergic individu-
als.29e31 Pentachlorophenol and its metabolites have a potent
antibacterial effect.32 Contamination with pentachlorophenol
metabolite 2,4-dichlorophenol has been found in produce, such as
cocoa-powder and fruit juices.33,34 Therefore, drinking of chlori-
nated water and ingestion of crops treated with dichlorophenol-
containing pesticides may alter the microbial spectrum to which
humans are naturally exposed. In animal studies, a chlorine-
containing pesticide that was recently banned by the European
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Union,35 sodium chlorate, was supplemented to drinking water of
cattle stock. Its consumption reduced fecal population of Escher-
ichia coli in cows by more than 100-fold.36 A daily exposure to
dichlorophenols through water or food may have an ongoing effect
on the bacterial diversity. There are indications that the intestinal
microflora of nonallergic children differs from the microflora of
allergic children.37 In addition, altered intestinal microbiota is
associated with an increase of CD4-mediated inflammation in
mice.31 Whether changes in intestinal microflora have a similar
effect on allergic sensitization in adults is not known.

Atopic conditions are considered a burden of early child-
hood.1,27,38,39 However, recent studies suggest that allergic sensi-
tization to environmental and food allergens is also common in
adults and may be on the rise.22,40,41 In line with the hygiene
hypothesis, rural living had a protective effect on allergic sensiti-
zation in adults, regardless of the area of residence during the early
childhood.41

Although establishing the mechanism by which dichlor-
ophenols could affect sensitization to foods is beyond the scope of
our study, our results suggest that exposure to dichlorophenol-
containing pesticides could possibly weaken tolerance to foods in
humans. Because one of the major exposure routes to dichlor-
ophenols is oral, this might explain the association of high
dichlorophenol levels only with sensitization to foods and not to
environmental allergens.

On the other hand, we recognize that there are a number of
possible explanations for this association, including that dichlor-
ophenols may have some type of direct effect on the immune
system that promotes food allergen sensitization. It is also worth
noting that the wide consumption of bottled water in the United
States may offset the importance of chlorinated water in supplying
dichlorophenols to consumers and leaves other dichlorophenol
sources (eg, pesticide-treated crops) a greater role.

This study has several limitations. One is that a causal rela-
tionship between allergic sensitization and dichlorophenol expo-
sure cannot be established because of the study’s cross-sectional
design. In addition, this analysis did not include children younger
than 6 years on whom pesticide levels were not measured in the
NHANES 2005-2006 data set. We also attempted to analyze
sensitization to foods using higher food-specific IgE levels that have
a greater positive predictive value of a clinical response in food-
allergic individuals.42 However, only 0.7% of participants met the
definitions of the higher IgE cutoffs, and this analysis was not
feasible. Taking into account the older age of the subpopulation on
whom dichlorophenol levels have been measured in NHANES, this
finding is in agreement with the previous reports on clinical food
allergy prevalence in the United States.19

Nevertheless, our analysis has many strengths, including the use
of a representative sample of the general US population and the
analysis of a specific group of chemicals widely used for their
bactericidal effect. Moreover, we adjusted for differences in pesti-
cide exposure between urban and rural populations using the
restricted data set on geographic variables in the NHANES database.

In this population, we found consistent associations between
high levels of dichlorophenol exposure and a higher prevalence of
food allergies. Previous research indicated that both environmental
pollution43 and the prevalence of food allergies are increasing in
the United States.44 The results of this study suggest that these 2
phenomena might be linked. Further prospective studies would be
necessary to confirm this link.
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