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INTRODUCTION

Westernized life style is associated with a higher prevalence of allergies and asthma and this

is thought to be related at least in part to decreased microbial exposure.1,2 This westernized

life style is also associated with widespread exposure to pesticides. The US Environmental

Protection Agency reported finding 800 pesticide active ingredients in about 21,000

different consumer products.3 Pesticide exposure has been reported to be associated with

asthma and rhinitis.4–7

One specific group of organochlorine pesticides, dichlorophenols, are compounds with

potent bactericidal effects.8 They are typically used as herbicides, fungicides, and

disinfectants9–11 and can be found in contaminated water, air, and in pesticide-treated

crops.9–12 In addition, chlorine-based cleaning agents can react with wood and paper leading

to generation of dichlorophenols in packing materials, containers, and storage boxes,13

resulting in contamination of milk, cocoa powder, fruit juices, and dried fruits.9,13–15

Recent studies have indicated that organochlorine compounds may play a role in the

increased incidence of atopic diseases because of their immunomodulatory effects.16

Previous research showed that exposure to dichlorodiphenylethylene was linked to a higher

total immunoglobulin E level and to an increased risk of asthma in children.16,17 Higher

dichlorophenol levels in urine were associated with increased allergic sensitization to

foods.18 In addition, previous reports suggested that certain organochlorines preferentially

induce the production in vitro of Th2- cytokines associated with increased allergic reactivity

such as interleukin-4, and suppress the production of TH-1 cytokines that tend to block

allergic reactivity, such as interferon-γ, interleukin2-, and interleukin-10.19,20

In addition to these immunomodulatory effects, dichlorophenols are also upper and lower

airway irritants.21 Dichlorophenols are metabolites of 2,4-dichlorophenoxyacetic acid and

1,4-dichlorobenzene. Both of these latter compounds are used in production of insecticides,

herbicides and exposure to them may occur through contaminated air. Breathing vapors of

1,4-dichlorobenzene was associated with reduced lung function in adults and higher odds for

asthma in children.22,23 However, there was no particular association between atopy and

1,4-dichlorobenzenes among asthmatic children.23 In addition, repeated exposure to

chlorine-containing irritant gases increased the risk of adult-onset asthma and wheeze

regardless of the history of hay fever (as a marker of atopy).24

Although these associations between organochlorines, lung function, asthma and atopy have

been shown, less is known about the effect of these compounds on different forms of asthma

and wheeze. Since asthma and wheeze have distinct atopic and non-atopic forms,25 in this

study we proposed to investigate whether dichlorophenols were associated with wheezing or

asthma and if so, whether atopy played a role in these associations.
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METHODS

Study population and data collection

We analyzed the association between urine levels of two dichlorophenols (2,5-

dichlorophenol and 2,4-dichlorophenol), self-reported wheezing, self-reported asthma as

diagnosed by a doctor, asthma morbidity, and total serum IgE level, in the sample examined

in 2005–2006 by the US National Health and Nutrition Examination Survey (NHANES).

The NHANES is a database funded by the United States Centers for Disease Control and

Prevention that is intended to assess the health and nutritional status of adults and children in

the United States. All NHANES data are publically available and can be found at http://

www.cdc.gov/nchs/nhanes.htm. NHANES has a complex, multistage, clustered, and

stratified probability sample design. The sample for the survey is selected to represent the

US civilian non-institutionalized population of all ages. Persons 60 years of age and older,

as well as African Americans and Hispanics are oversampled to produce reliable statistics.

Dichlorophenols were measured in urine of a randomly chosen sub-sample of NHANES

2005–2006 participants ≥6 years of age. Details of the laboratory protocol and

measurements can be found on the NHANES web site.26 Dichlorophenol levels were

measured using solid phase extraction coupled to high performance liquid chromatography

and tandem mass spectrometry.26 The detection level for 2,4- and 2,5-dichlorophenols was

0.14 μg/L. We did not include trichlorophenols or O-phenylphenol (these chemicals were a

part of the pesticide group in NHANES 2005–06) in our analyses since the majority of the

observations were below the lower limit of detection for these chemicals.27

We divided the population on whom urinary dichlorophenols were measured into three

groups:

1. No self-reported wheezing in the past year (non-wheezers);

2. Self-reported wheezing in the past year, atopic (atopic wheezers);

3. Self-reported wheezing in the past year, non-atopic (non-atopic wheezers).

Wheezing in the past year was defined by the answer to the following question: In the past

12 months (have you/ has study participant (SP) had wheezing or whistling in (your/his/her)

chest? Participants who reported wheezing or whistling in the chest in the last 12 months

were asked to answer questions about wheezing-related problems during the preceding 12

months. They were questioned about medication intake for wheezing, missed work or school

due to wheezing, and exercise-induced wheezing.28,29 A dichotomous variable was created

which characterized subjects as having either no days missed from work or school due to

wheezing, or at least one day missed from work or school due to wheezing.

The exact questions that were used in the NHANES questionnaires and that we included into

our study are listed in supplemental Table 1S. There were additional questions on asthma

and wheezing in the database (e.g., regarding asthma attacks in the last year, emergency

room visits in the last year, and about still having asthma), however, there were only a

limited number (less than 50%) of responses to these questions in our subsample and

therefore a meaningful analysis of those questions was not possible.
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The atopic status of participants was also assessed. Atopic subjects were defined as having

at least one positive allergen-specific IgE (≥0.35 kU/L) to the environmental and/ or food

allergens measured in NHANES 2005–06 (allergen-specific IgE was measured using the

Pharmacia Diagnostics ImmunoCAP 1000 System (Kalamazoo, MI)): Dermatophagoides

farinae, Dermatophagoides pteronyssinus, cat, dog, German cockroach, Alternaria

alternata, short ragweed, ryegrass, Bermuda grass, white oak, birch, Aspergillus fumigatus,

Russian thistle, mouse, rat, shrimp, egg, milk, or peanut. Non-atopic subjects had no

sensitizations to any of these allergens.

In an exploratory analysis, the above-described investigation of asthma-related morbidity

was performed on participants with self-reported physician-diagnosed asthma defined by the

answer to the question: has a doctor or other health professional ever told you that (you

have/s/he/SP has) asthma?

Only participants with non-missing covariables were studied. Missing covariable

participants constituted 19.4%.

Statistical analysis

Associations between the dichlorophenols and doctor-diagnosed asthma, asthma

morbidities, such as prescriptions for medications for wheezing, wheezing during exercise,

and days missed from work or school due to wheezing, were analyzed in logistic regression

models. The association between urinary dichlorophenols and total IgE was analyzed in

adjusted linear regression models (after log-transformation of both continuous variables).

All analyses were performed using sample weights to account for the complex survey design

(including oversampling), survey non-response, and post-stratification, thus providing

nationally representative estimates. We adjusted all models for urine creatinine and potential

confounders: age, gender, race (non-Hispanic White, non-Hispanic Black, Hispanic, and

other), atopic status of participants, and poverty-income ratio (PIR, a ratio of <1 defined low

socio-economic status). Dichlorophenol levels were analyzed as tertiles. We tested for

interactions between dichlorophenol levels and age, sex, and atopy by including a

multiplicative term in the model. We also analyzed the correlation between urinary

concentration of both dichlorophenols and between dichlorophenols and triclosan, another

chlorinated phenol measured in NHANES, since the latter compound has been reported to

be associated with allergic sensitization and because 2,4-dichlorophenol is a byproduct of

triclosan.30,31 All statistical analyses were performed with STATA 11.2 software

(StataCorp, College Station, TX). P-values of <0.05 were considered significant for all

analyses (including interaction effects). The study was classified as exempt by the Albert

Einstein College of Medicine Institutional Review Board.

RESULTS

Demographic characteristics of the study population

2,125 NHANES participants ≥6 years of age had data on dichlorophenol levels and all of the

relevant covariables we studied. Among the 2,125 participants, 1,852 (87.2%) participants

reported no wheezing in the past year. Two hundred seventy three (273) participants
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(12.8%) reported wheezing in the preceding twelve months and were offered to fill out

questionnaires on wheezing-related problems. Two hundred fifty (250) participants

completed questionnaires, of which 120 (48%) had been given diagnosis of asthma by a

doctor. 2,5-dichlorophenol was detected in the urine of 2,098 (98.7%) participants and 2,4-

dichlorophenol was detected in the urine of 1,941 (91.3%) participants. Participants’

characteristics are presented in Table 1. Atopic wheezers were significantly younger than

non-wheezers and non-atopic wheezers, p<0.001 and there were fewer Mexican-Americans

among the wheezers, p<0.01. Mean dichlorophenol levels were lower in the group of non-

atopic wheezers, (p<0.001 for the 2,5-dichlorophenol level and p<0.01 for 2,4-

dichlorophenols).

Among the 2,125 participants, 280 participants (13.2%) reported having asthma diagnosed

by a doctor. One hundred thirty (130) of them reported wheezing in the preceding twelve

months and 120 filled out questionnaires on wheezing-related problems.

Association between urine dichlorophenol levels and asthma morbidity in wheezers

On multivariable analysis, higher urinary 2,5-dichlorophenol levels in the atopic wheezers

were strongly associated with more asthma morbidity. These individuals were more likely to

have physician-diagnosed asthma (OR for the highest tertile vs. lowest tertile of 2,5-

dichlorophenol = 4.7, p for trend <0.001); more likely to require prescriptions for

medications for wheezing (OR for the highest tertile vs. lowest tertile = 2.2, p for trend

0.046); more likely to miss work or school due to wheezing (OR for the highest tertile vs.

lowest tertile = 10.0, p for trend <0.001); and to wheeze due to exercise (OR for the highest

tertile vs. lowest tertile = 5.8, p for trend 0.045) (Table 2, Figure 1A). In the atopic group,

2,4-dichlorophenol was also associated with missing work or school due to wheezing (OR

for the highest tertile vs. lowest tertile = 11.4, p for trend <0.01) (Table 3, Figure 1A).

There was a significant interaction between atopy and the presence of 2,5-dichlorophenols in

urine (p<0.02 for interaction term), with atopic wheezers being more likely to take days off

work or school due to wheezing.

In contrast, in non-atopic wheezers, there were no significant associations with any of the

asthma morbidity outcomes (all p for trend were >0.05) (Tables 2 and 3, Figure 1B).

The predicted probability of asthma and wheezing-related problems for atopic and non-

atopic participants based on 2,5-dichlorophenol or 2,4-dichlorophenol levels is shown in

Figure 2.

Exploratory analysis of association between urine dichlorophenol levels and asthma
morbidity in asthmatics

On multivariable analysis, atopic asthmatics were more likely to miss work or school due to

wheezing (OR for the highest tertile vs. lowest tertile = 92.0, 95%CI 13.6–619.0, p for trend

<0.01) while there was no significant association with missing work or school in non-atopic

asthmatics, p=0.8, data not shown. There were no significant associations with medication

use or wheezing during exercise in either atopic or non-atopic asthmatics (data not shown).

However, due to the small number of asthmatics who responded to the questions on
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medication use and wheezing during exercise, a meaningful analysis of associations with

these outcomes was not possible as the models became “unstable” and several covariables

were omitted from the models.

Association between dichlorophenol levels and total serum IgE

Since asthma morbidity was positively associated with the presence of dichlorophenols only

in atopic wheezers and the presence of asthma was previously linked to the total serum IgE

levels,32 we examined the association between dichlorophenol levels and total serum IgE. In

multivariable linear regression analyses conducted on the entire sample (n=2,125), we found

a positive association between total serum IgE with both 2,5- and 2,4-dichlorophenols (beta-

coefficients for association were 0.047 and 0.055, respectively, p-value 0.03 for either

association) (Figure 3).

Correlation between 2,5- and 2,4-dichlorophenols and triclosan

Concentrations between urine levels of 2,5- and 2,4-dichlorophenols among the entire study

population (n=2,125) were highly correlated (Pearson correlation coefficient (R) = 0.87,

p<0.001) (data not shown). Since 2,4-dichlorophenol is a byproduct of triclosan (another

chlorophenol-based chemical with anti-bacterial properties) correlation between

dichlorophenol levels and triclosan was analyzed. The correlation between 2,5-, 2,4-

dichlrophenols and triclosan was poor: (R = 0.06, p<0.01 and 0.28, p<0.001, respectively)

(data not shown).

DISCUSSION

Our results indicate that atopic wheezers with urinary dichlorophenol levels in the upper

tertile are more likely to have doctor-diagnosed asthma, to miss days from work or school

due to wheezing, to require medications for wheezing, or to have wheezing with exercise.

There were no significant associations with these outcomes in non-atopic wheezers. In

addition, we found a positive direct association between 2,4- and 2,5-dichlorophenol and

total serum IgE levels. Atopic asthmatics with urinary dichlorophenol levels in the upper

tertile were also more likely to miss work or school due to wheezing.

These findings are consistent with several previous reports on atopic disorders and

pesticides. Exposure to several insecticides and herbicides was reported to be associated

with the presence of allergic rhinitis and atopic asthma4,5,7 and dichlorophenols were

associated with increased allergic sensitization to foods.18

The mechanisms by which dichlorophenols may be increasing atopy and asthma are not well

understood. Previous reports suggested that organochlorine compounds had direct

immunomodulatory effects and were associated with decreased γ-interferon production,

increased levels of interleukin-4, and higher serum IgE levels, possibly leading to the

increased incidence of atopic diseases in children and in adults.16,17,19,20,33 Our finding of a

positive association between urine dichlorophenol levels and total serum IgE levels supports

this hypothesis. In addition, it is also possible that dichlorophenols could be associated with

atopy indirectly, due to their anti-microbial properties8 and possibly through a change in
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microbiome. By analogy, a chlorine-containing bactericidal agent suppressed diversity of

the intestinal flora in animals.34

Previous reports indicated that exposure to triclosan, a chlorophenol-based chemical with

antibacterial properties used in toothpaste and hand sanitizers, was associated with allergic

sensitization and hay fever but not with atopic asthma or atopic wheeze.30,31 Interestingly,

2,4-dichlorophenol is a byproduct of triclosan in chlorinated water and both compounds

seem to coexist in urine.35,36 We found that there was a high correlation between both

dichlorophenol metabolites, suggesting that they are possibly sharing a common source of

exposure and/or the same metabolic path. However, there was a low correlation between

triclosan and dichlorophenols implying that triclosan is probably not the main source of

exposure to dichlorophenols in the study population. This assumption is also supported by a

recent study on dichlorophenols in the US population.37 In addition, dichlorophenols seem

to be different from triclosan with respect to its effect on IgE levels. While triclosan was

reported not to be significantly associated with total serum IgE levels,30 we found that

dichlorophenols were positively associated with total serum IgE levels in the entire study

sample. Atopy is independently associated with asthma and wheezing, and the prevalence of

asthma increases with total serum IgE levels among atopic subjects.38 Therefore,

dichlorophenols might be associated with asthma and asthma morbidity in atopic wheezers

through their association with total serum IgE levels. The reasons for the difference in

relationships between triclosan, dichlorophenols, and total serum IgE are not known, but this

difference is interesting and certainly merits further exploration.

Dichlorophenols have a relatively short half-life time in human body and exposure to them

varies overtime.39 Thus estimation of a long-term exposure to dichlorophenols based on

one-time urine sample is limited. However, most of our study outcomes were symptoms

reported within past 12 months and they are likely less affected by the daily fluctuations in

exposure to dichlorophenols. In addition, exposure to 2,5-dichlorohenol was reported to

have less temporal variability and to be more consistent over time than that of other

phenols.40 It is reasonable to question whether serum IgE level is affected over time. Little

is known about how environmental exposures can affect its variability. A de novo formation

of food-specific IgE in adults has been reported after only three months of exposure to anti-

acid treatments, such as H2-receptor blockers or proton-pump inhibitors. In addition, total

serum IgE levels nearly tripled after this treatment.41 These findings persisted at least

several months after the treatment with anti-acid agents was stopped. Thus it is plausible that

other environmental exposures could affect serum IgE in a similar fashion.

Dichlorophenols have other associations with human health. For example, 2,4- and 2.5-

dichlorophenol levels in urine were higher in obese adults than in non-obese adults.42 Our

study has several limitations: its cross-sectional design, exclusion of children <6 years on

whom dichlorophenols were not measured in the 2005–2006 NHANES dataset, and the

relatively small sample size in this analysis (resulting in wide confidence intervals). Since

asthma in school-aged children and adolescents commonly starts during the preschool years,

not having dichlorophenols measured in children <6 years is a major limitation to the

present analysis. All data on wheezing-related problems were self-reported, thus are possibly

affected by the recall bias. Due to the small number of asthmatics who responded to the
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questionnaires in this sample, only a limited exploratory analysis of the associations with

asthma morbidity was possible. Such analysis could be a potential future research topic.

Since our study is based on a cross-sectional analysis, there is also a possible reverse

causality in the relationship between atopy and dichlorophenols. Dichlorophenols are found

in toilet deodorizers, moth balls, insecticides, and herbicides, and are used in daily life.10,11

It is possible that atopic individuals may be more likely to be exposed to dichlorophenols

due to their increased use of chlorine-containing pesticides and cleaning products in an

attempt to maintain a less allergenic environment.

Despite these limitations, the findings from this study highlight the unique association

between urine dichlorophenol levels and wheezing in a nationally representative sample of

participants.

In summary, our findings suggest that higher levels of dichlorophenols in urine may

contribute to greater asthma morbidity among atopic wheezers and atopic asthmatics.

Prospective studies are necessary to determine the cause-effect relationship underlying these

associations in wheezers and in asthmatics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Relationship between asthma morbidity and urine 2,5- and 2,4-dichlorophenol levels in

atopic (A) and non-atopic (B) wheezers. Adjusted for sample weights, urine creatinine, age,

gender, race, and poverty-income ratio.
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Figure 2.
Predicted probability of asthma morbidity by urinary dichlorophenol levels (log-

transformed) with 95% CI.

Jerschow et al. Page 14

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Positive association between urine dichlorophenol levels and total serum IgE in the study

population (n=2,125) with 95% CI, p-value 0.03 for either association. Adjusted for sample

weights, urine creatinine, age, gender, race, and poverty-income ratio.
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Table 1

Characteristics of study participantsa, by the presence of wheezing

Characteristic Non-wheezers (n=1,852) Atopicb wheezers (n=156) Non-atopicb wheezers (n=94) p-value

Age (y), mean (SEc) 38.9 (1.1) 37.1 (2.4) 39.9 (1.3) <0.001

Male sex (% [SE]) 44.9 (0.04) 55.7 (0.07) 48.9 (0.04) 0.3

Race/ethnicity (% [SE]) 0.01

 Non-Hispanic white 70.3 (0.03) 72.1 (0.05) 80.4 (0.04)

 Non-Hispanic black 11.9 (0.2) 13.8 (0.03) 4.9 (0.02)

 Mexican American 9.7 (0.01) 5.1 (0.01) 3.3 (0.01)

 Other 8.2 (0.01) 9.0 (0.03) 11.4 (0.02)

Low SESd (% [SE]) 12.6 (0.01) 15.6 (0.04) 10.9 (0.03) 0.6

Asthmae (% [SE]) 7.5 (0.01) 48.7 (0.08) 36.2 (0.05) <0.001

Atopyb (% [SE]) 43.2 (0.01) 100 (0) - <0.001

2,5-Dichlorophenol concentration in
urine (geometric mean, μg/L [95%
CIf])

33.1 (27.4–39.9) 30.0 (19.2–46.8) 25.6 (16.0–41.1) <0.001

 Lower tertile 1.9 (1.6–2.3) 2.4 (1.8–3.2) 1.3 (0.7–2.4) 0.1

 Mid-tertile 12.9 (12.2–13.7) 14.0 (11.6–16.9) 11.5 (9.2–14.5) <0.001

 Upper tertile 142.6 (112.1–181.4) 134.0 (74.6–240.4) 115.8 (76.6–175.0) <0.001

2,4-Dichlorophenol concentration in
urine (geometric mean, μg/L [95%
CI])

2.4 (2.1–2.8) 2.4 (1.7–3.4) 2.2 (1.5–3.1) <0.01

 Lower tertile 0.30 (0.28–0.34) 0.35 (0.28–0.45) 0.27 (0.22–0.34) <0.001

 Mid-tertile 1.18 (1.1–1.2) 1.22 (1.1–1.4) 1.20 (1.1–1.3) <0.01

 Upper tertile 6.0 (4.8–7.6) 5.1 (3.3–8.1) 6.1 (5.3–7.0) <0.001

Medications for wheezing g (% [SE]) - 52.4 (0.07) 56.0 (0.05) 0.7

Wheezing during exercise h (% [SE]) - 48.5 (0.05) 52.4 (0.06) 0.7

Missing work or school due to
wheezing i (% [SE])

- 26.8 (0.04) 16.8 (0.05) 0.2

a
All estimates are weighted to the sampling weights

b
Atopy was defined as the presence of allergen specific IgE ≥0.35 kU/L to at least one environmental and/ or food allergen

c
SE – standard error

d
Percentage of participants with a poverty/income ratio of <1.0

e
Asthma was defined by the answer to the question: “Has a doctor or other health professional ever told that (you have/s/he/survey participant (SP)

has) asthma?”

f
95% CI – 95% confidence interval

g
In the past 12 months, (have you/ has study participant) taken medication, prescribed by a doctor, for wheezing or whistling?

h
In the past 12 months has (your/ study participant’s) chest sounded wheezy during or after exercise or physical activity?

i
During the past 12 months, did (you/ study participant) miss any days of work or school due to wheezing or whistling?
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Table 2

Odds ratioa for 2,5-dichlorophenol levels and asthma morbidity in wheezers, stratified by atopicb status

Outcome Atopicb wheezers (n=156) Non-atopicb wheezers (n=94)

Odds ratio (95% CI) c p for trend Odds ratio (95% CI) p for trend

Asthma, diagnosed by a doctor d <0.001 0.9

 Lower tertile 1.0 1.0

 Mid-tertile 2.9 (1.2, 7.2) 1.0 (0.3, 4.1)

 Upper tertile 4.7 (1.8, 12.1) 1.0 (0.1, 9.8)

Medications for wheezingf 0.046 0.3

 Lower tertile 1.0 1.0

 Mid-tertile 1.5 (0.8, 3.0) 0.7 (0.2, 2.8)

 Upper tertile 2.2 (0.9, 5.1) 2.9 (0.7, 12.4)

Missing work or school due to wheezing e <0.001 0.9

 Lower tertile 1.0 1.0

 Mid-tertile 2.0 (0.6, 6.5) 0.7 (0.2, 2.6)

 Upper tertile 10.0 (4.6, 21.6) 1.4 (0.3, 5.8)

Wheezing during exercise g 0.045 0.9

 Lower tertile 1.0 1.0

 Mid-tertile 6.1 (2.1, 18.0) 1.1 (0.3, 4.0)

 Upper tertile 5.8 (0.97, 34.6) 0.8 (0.2, 3.4)

a
All estimates are weighted to the sampling weights

b
Atopy was defined as the presence of allergen specific IgE ≥0.35 kU/L to at least one environmental and/ or food allergen

c
95% CI – 95% confidence interval

d
Asthma was defined by the answer to the question: “Has a doctor or other health professional ever told that (you have/s/he/survey participant (SP)

has) asthma?”

e
During the past 12 months, did (you/ study participant) miss any days of work or school due to wheezing or whistling?

f
In the past 12 months, (have you/ has study participant) taken medication, prescribed by a doctor, for wheezing or whistling?

g
In the past 12 months has (your/ study participant’s) chest sounded wheezy during or after exercise or physical activity?

Results were adjusted for sample weights, urine creatinine, age, gender, race, and poverty-income ratio.

Values in bold are statistically significant.
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Table 3

Odds ratioa for 2,4-dichlorophenol levels and asthma morbidity in wheezers, stratified by atopicb status

Outcome Atopicb wheezers (n=156) Non-atopicb wheezers (n=94)

Odds ratio (95% CI c) p for trend Odds ratio (95% CI) p for trend

Asthma, diagnosed by a doctor d 0.1 0.7

 Lower tertile 1.0 1.0

 Mid-tertile 2.9 (0.7, 11.4) 0.8 (0.2, 3.1)

 Upper tertile 4.0 (0.7, 22.9) 1.7 (0.2, 14.4)

Medications for wheezingf 0.7 0.1

 Lower tertile 1.0 1.0

 Mid-tertile 1.2 (0.2, 6.2) 1.9 (0.5, 7.1)

 Upper tertile 1.4 (0.2, 8.6) 6.1 (0.6, 57.4)

Missing work or school due to wheezinge <0.01 0.9

 Lower tertile 1.0 1.0

 Mid-tertile 4.8 (1.4, 16.5) 1.2 (0.4, 3.5)

 Upper tertile 11.4 (2.5, 52.9) 1.0 (0.2, 4.8)

Wheezing during exercise g 0.3 0.4

 Lower tertile 1.0 1.0

 Mid-tertile 2.5 (0.6, 10.2) 2.7 (0.8, 9.6)

 Upper tertile 1.7 (0.6, 4.6) 1.3 (0.2, 7.1)

a
All estimates are weighted to the sampling weights

b
Atopy was defined as the presence of allergen specific IgE ≥0.35 kU/L to at least one environmental and/ or food allergen

c
95% CI – 95% confidence interval

d
Asthma was defined by the answer to the question: “Has a doctor or other health professional ever told that (you have/s/he/survey participant (SP)

has) asthma?”

e
During the past 12 months, did (you/ study participant) miss any days of work or school due to wheezing or whistling?

f
In the past 12 months, (have you/ has study participant) taken medication, prescribed by a doctor, for wheezing or whistling?

g
In the past 12 months has (your/ study participant’s) chest sounded wheezy during or after exercise or physical activity?

Results were adjusted for sample weights, urine creatinine, age, gender, race, and poverty-income ratio.

Values in bold are statistically significant.
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