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Objective. Bisphenol A (BPA) is being increasingly associated with adverse health effects. Our objective was to determine whether urinary BPA
concentration is associated with allergic asthma in a representative US population. Methods. Data for this analysis were obtained from the National
Health and Nutrition Examination Survey 2005-2006 survey and included asthma-related questions, total immunoglobulin E (IgE), 19 allergen-
specific IgE levels, and urinary environmental phenol measurements. Allergic asthma was defined as a history of asthma ever, high eosinophil
count, and high total IgE or atopy. Association analyses included dichotomous and polychotomous logistic regression, receiver operating
characteristic curves, Akaike information criterion, and likelihood ratio %°. Results. We found that 10-fold increase in BPA was independently
associated with a higher likelihood of allergic asthma in females [odds ratio (OR) = 2.21, p = .032] but not in males (OR = 0.83, p = .474). These
findings were reaffirmed when allergic asthma was defined based on atopy rather than total IgE (OR = 2.45, p = .001 in females and OR = 0.83,
p = .605 in males). Urinary BPA was significantly associated with sensitization to various specific allergens in a dose-response manner. Lastly,
urinary BPA independently predicted an asthma episode in the past 12 months in females but not in males. Conclusions. Urinary BPA is

significantly associated with allergic asthma in females.
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INTRODUCTION

The prevalence of atopic diseases, including asthma, has
increased significantly in developed countries in the last
few decades (1-3). Interestingly, this rise in prevalence has
coincided with the introduction of various industrial chemi-
cals (4). Bisphenol A (BPA), a commonly used industrial
chemical, has been implicated in the pathogenesis of asthma
and allergies (4-6). The use of BPA is ubiquitous—it is used
to coat the insides of food and beverage cans and water pipes
as well as many routinely used household products such as
baby bottles, water bottles, dental fillings, dental sealants,
and electronic items. (7).

As an endocrine-disrupting compound with estrogenic
activity, BPA has been associated with various human dis-
eases (8-12). Recent in vitro and animal studies suggest a
possible role of BPA in the pathogenesis of allergic disease.
For example, BPA has been shown to promote interleukin
(IL)-4 production by T helper cell type 2 (Th2) cells and to
promote T helper cell type 1 (Th1)/Th2 responses and
reduce the number of CD44-CD25+ regulatory T cells
(13, 14). Prenatal exposure to BPA in mice impairs devel-
opment of tolerance to orally administered antigen (6) and
the authors suggest that this could be related to the develop-
ment of food allergy. Midoro-Horiuti et al. (5) have demon-
strated that prenatal exposure to BPA enhances the
development of asthma phenotype in mouse pups. More
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recently, in humans, Spanier et al. (15) showed that maternal
urinary BPA during pregnancy was associated with wheez-
ing in early life in the child.

This study was based on the following three motiva-
tions. First, to our knowledge, currently there are no stu-
dies that have examined or demonstrated an association
between environmental phenols and allergic disease in
humans. Second, the effects of BPA in adults or after a
possible late exposure are currently unclear. The emerging
and existing data have preferentially focused on very early
exposure (prenatal or perinatal) to BPA as a factor of
concern in the developing child (4). Third, there is a lack
of data on whether phenols like BPA might explain some
gender differentials in asthma owing to its estrogenic
activity. Considering these aspects of BPA kinetics, we
hypothesized that environmental exposure to BPA is asso-
ciated with an increased likelihood of allergic asthma in a
gender-specific manner. We used the National Health and
Nutrition Examination Survey (NHANES) 2005-2006
data to determine whether there is an association between
urinary phenols and allergic asthma.

METHODS

NHANES 2005-2006 Data set

The NHANES is an annual survey conducted by the
National Center of Health Statistics (NCHS) of the
Centers for Disease Control and Prevention (CDC). It con-
sists of a combination of interviews, physical examination,
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and laboratory tests to assess the health and nutritional status
of adults and children in the United States. The NHANES
2005-2006 survey contained allergy-related components,
including an allergy questionnaire, asthma-related ques-
tions, and serum immunoglobulin E (IgE) measurements
(total IgE and 19 allergen-specific IgEs). IgE levels were
measured with the Pharmacia Diagnostics (Kalamazoo, MI,
USA) ImmunoCAP 1000 System. The lower limit of detec-
tion (LLOD) for these assays was 2.00 kU/L for total IgE
and 0.35 kU/L for each of the allergen-specific IgE. Urinary
concentrations of eight phenols (including BPA) and para-
bens were quantified in 2548 survey participants. The spot
urine sample was used to estimate total BPA concentration
(i.e., free as well as conjugated) based on the online solid-
phase extraction coupled with high-performance liquid
chromatography—isotope dilution tandem mass spectrome-
try with peak focusing. The LLOD of this assay is 0.4 ng/
mL. For the 182 samples below the LLOD, we used a value
of 0.28 as suggested by Melzer et al. (16). Since the BPA
concentrations were highly skewed, we used log-
transformed concentrations for all analyses. The data on
environmental phenols were available on subjects aged 6
years and over. The NHANES 2005-2006 survey was
approved by the NCHS Ethics Review Board and all parti-
cipants or parents (for minors) provided written consent.
The Institutional Review Board of the Lata Medical
Research Foundation does not need clearance for the use
of publicly available de-identified data sets. Detailed
description of the NHANES 2005-2006 survey can be
found online at http://www.cdc.gov/nchs/nhanes.htm.

Dependent and Independent Variables

The NHANES medical conditions file contained questions
related to medical history of the subjects. With regard
to asthma status, there were three important questions:
(i) Were you ever told you have asthma? (ii) Do you still
have asthma? and (iii) Did you have an attack of asthma in
the past 12 months? These three questions, conceptually,
captured increasing likelihood of asthma.

Definitions of Allergic Asthma. We defined allergic asthma
in two ways. Both these approaches have been used by other
investigators in the past (17, 18). First, in addition to asthma
ever status, we made use of two more variables available in
the NHANES 2005-2006 data set—differential eosinophil
count and total serum IgE levels. We dichotomized these
two continuous variables based on their gender-specific
sample means. Thus, we had three dichotomous variables:
asthma ever, high eosinophil count, and high total serum IgE
concentration. We used the eight resulting combinations to
capture varying likelihood of allergic asthma. The highest
likelihood of allergic asthma was conceptually considered
when a subject had asthma ever, high eosinophil count, as
well as high total serum IgE. Second, since it is conventional
to consider the presence of one or more positive allergen-
specific IgE as a marker of atopy, we reclassified allergic
asthma by replacing high total IgE by the presence of atopy.
Atopy was defined as the presence of one or more allergen-
specific IgE in the excess of 0.35 kU/L.

Independent Variables. Our main set of independent vari-
ables were the urinary concentration of environmental
phenols, gender, ethnicity, and age. We used the informa-
tion for the following eight phenols and parabens available
in the NHANES 2005-2006 data set—BPA, benzophe-
none 3, 4-tert-octylphenol, triclosan, methyl paraben, ethyl
paraben, propyl paraben, and butyl paraben.

Statistical Analysis

Our analytical approach was aimed to demonstrate (i) the
overall statistical association between urinary BPA concen-
tration and allergic asthma; (ii) the specificity of this asso-
ciation in light of other urinary phenols; and (iii) gender
differentials in this association. Since the “asthma ever”
variable can be conceptually considered to be influenced
by a potential recall bias, we also conducted the association
analyses on the outcome of an asthma attack within the past
12 months as an outcome.

For demonstrating the overall association, we used the
following statistical methods. Descriptive statistics
included means, linearized standard errors, and propor-
tions. The continuous variables that did not follow normal
distribution were log-transformed to ensure normality.
Statistical differences were tested using Student’s r-test
and y’-test for categorical variables. Association with a
multi-category dependent variable was tested using the
multinomial (polychotomous) logistic regression analysis,
while association with continuous dependent variable was
tested using ordinary least squares multivariate linear
regression. The goodness of fit of a model was assessed
using predictive accuracy (estimated as area under a recei-
ver characteristic curve), Akaike information criterion, and
likelihood ratio x*. To address the question about potential
gender differentials in associations, we conducted all our
analyses separately in males and females.

All the analyses were conducted using Stata 10.0 (Stata
Corp., College Station, TX, USA) statistical software
package. Since the NHANES data sets represent nationally
representative population sampling units, we used the svy
set of commands to adjust for the sampling weights and
design variables as recommended by the CDC (http://
www.cdc.gov/nchs/tutorials/). Statistical significance was
evaluated at a type I error rate of 0.05.

RESULTS

Survey Population Characteristics

Of the 10,348 subjects in the complete NHANES 2005-2006
data set, urinary concentrations of phenols were available in
2548 (24.6%) subjects—1270 males and 1278 females. We
used these subjects and data for analyses. Before commen-
cing with the analyses, we first examined if the distribution of
the key socio-demographic and asthma-related variables was
comparable across the subjects included (n = 2548) and
excluded (n = 7800) from this study. The results of this
comparison are shown in Table 1. It can be seen from
the table that the means and proportions of the key variables
were similar across included and excluded subjects.
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TABLE 1.—Characteristics of the subjects included in and excluded from
this study.

TABLE 2.—Gender-specific characteristics of the subjects included in
this study.

Characteristic Included®  Excluded®  p* Characteristic Males® Females®  p*
Number 2548 7800 Number 1270 1278
Age [mean (SD)], years 38.82 (0.90) 35.20(0.75) <.001 Age [mean], years 38.09 (1.18) 40.06 (0.80) .062
Race/ethnicity [1(%)] .200 Race/ethnicity (n) .166
Mexican American 637 (8.7) 2210(9.9) Mexican American 313 (9.6) 324 (8.5)
Other Hispanic 72 (3.2) 277 (4.0) Other Hispanic 33 (2.9) 39 (3.5)
Non-Hispanic White 1038 (70.1) 2890 (67.7) Non-Hispanic White 520 (70.6) 518 (68.8)
Non-Hispanic Black 678 (12.3) 2032 (12.4) Non-Hispanic Black 349 (11.6) 329 (12.9)
Others 123 (5.8) 391 (6.1) Others 55(5.3) 68 (6.3)
Country of birth [n(%)] 0.123 Country of birth (n) 212
The United States 2093 (86.1) 6701 (87.8) The United States 1039 (84.5) 1054 (86.8)
Mexico 279 (9.4) 682 (7.7) Mexico 139 (9.9) 140 (9.1)
Elsewhere 176 (4.5) 417 (4.5) Elsewhere 92 (5.5) 84 (4.0)
Asthma status [1n(%)] Asthma status (n)
Doctor told have asthma 341(13.3) 1048 (15.0) .333 Doctor told have asthma 176 (13.5) 165 (13.2) .853

Still have asthma 200 (56.1) 673 (61.3) .829
Had asthma attack in past year 95 (54.5) 381(61.2) .182
Total serum IgE [mean(SD)] log;o kU/L  1.63 (0.01) 1.63(0.02) .781
Atopy (presence of >1 allergen-specific 1356 (45.7) 3402 (49.7) .010
IgE) [n]

Total white blood cell count
(x 1000 cells/uL)

Differential white blood cell count (%)
Neutrophils (mean) x1000 cells/uL ~ 4.36 (0.07) 4.18(0.06) .011
Lymphocytes (mean) x 1000 cells/uL  2.26 (0.05) 2.35(0.02) .128
Eosinophils (mean) x 100 cells/uL. 2.10 (0.04) 2.23(0.03) .011
Monocytes (mean) x 100 cells/uL 5.74 (0.08) 5.76 (0.07) .775
Basophils (mean) x 10 cells/uL 4.28 (0.03) 4.18(0.01) .719

7.45(0.09) 7.38 (0.05) .526

“Numbers in parentheses are linearized standard errors for means and sampling weight
corrected proportions. These were estimated using the mean and proportion estimation
subcommands, respectively, in the svy command in Stata.

*Significance values were estimated using the linear (for continuous variables) and
logistic (for categorical variables) estimation subcommands in the svy command in
Stata.

However, the included subjects were 3.62 years older than
the excluded subjects (p < .001), had a higher (180 cells/pL,
p = .011) neutrophil count, a lower (13 cells/uL, p = .011)
eosinophil count, and 4% lower (p = .010) prevalence of
atopy. While these differences were statistically significant,
we believe that their magnitude is not clinically meaningful.

The socio-demographic and clinical characteristics of
the study subjects are shown in Table 2. The distribution of
demographic characteristics like age, race, and country of
birth was similar in males and females. The prevalence of
asthma ever was 13.5% [95% confidence interval (CI) =
9.99-16.9%] in males and 13.2% (95% CI = 10.4-15.9%)
in females; this difference was also not significant
(p = .853). However, we observed that the prevalence of
atopy was significantly higher in males as compared to
females (55% vs. 43%). Similarly, laboratory features like
blood counts, total serum IgE levels, and some urinary
phenol concentrations were significantly different across
gender (Table 2).

Association of Urinary BPA and Allergic Asthma

Since the distributions of most of the urinary phenol con-
centrations were highly skewed (data not shown), we used
log-transformed urinary concentrations of these phenols in
all the analyses. We found that the prevalence of allergic
asthma (triple affliction in the form of asthma ever, high

Still have asthma 102 (6.8) 98 (8.2) .249
Had asthma attack in past year 51 (4.6) 44 (4.4) .889

Total serum IgE [mean (SD)] 1.75(0.02)  1.51(0.03) <.001
log]() kU/L

Atopy (presence of >1 730 (54.9) 626 (42.9) <.001
allergen-specific IgE) [n]

Total white blood cell count (mean) 7.27 (0.11)  7.65(0.11) <.001
%1000 cells/uL

Differential white blood cell count
Neutrophils (mean) x 1000 cells/pL 4.17 (0.08) 4.58 (0.08) <.001

Lymphocytes (mean) x 1000 cells/uL.  2.23 (0.05)  2.28 (0.07) .498

Eosinophils (mean) x 100 cells/pL 2.29 (0.06)  0.19 (0.03) <.001

Monocytes (mean) x 100 cells/pL 6.04 (0.10)  5.45(0.09) <.001

Basophils (mean) x 10 cells/uL 4.11 (0.04) 4.55(0.03) .191
Urinary phenols (log;o ng/mL)

BPA (mean) 0.32(0.02) 0.24 (0.02) .033

Benzophenone-3 (mean) 1.17 (0.06) 1.41 (0.03) .003

4-tert-Octylphenol (mean) —0.83(0.005) —0.84 (0.004) .125

Triclosan (mean) 1.32 (0.04) 1.21 (0.03) .015
Methyl paraben (mean) 1.47 (0.04)  2.02 (0.05) <.001
Ethyl paraben (mean) 0.14 (0.02) 0.47 (0.03) <.001
Propyl paraben (mean) 0.47 (0.05) 1.31(0.05) <.001

Butyl paraben (mean) —0.61 (0.03) —0.04 (0.04) <.001

“Numbers in parentheses are linearized standard errors for means and sampling weight
corrected proportions. These were estimated using the mean and proportion estimation
subcommands, respectively, in the svy command in Stata.

*Significance values were estimated using the linear (for continuous variables) and
logistic (for categorical variables) estimation subcommands in the svy command in Stata.

eosinophil count, and high total serum IgE concentration)
was 5.5% in males and 5.7% in females (p for difference
of prevalence across genders = .831). We found that
there was a trend toward an overall significant difference
in the mean BPA concentration across categories as indi-
cated by a survey design corrected ANOVA p-value of
.011 in females but not in males (p = .907). The mean
concentration of the urinary BPA in the subjects with the
triple affliction group was highest in females but not in
males.

The results of polychotomous logistic regression ana-
lyses indicated (Table 3) that the allergic asthma represen-
tative group was associated with a significantly higher
likelihood for each 10-fold increase in urinary BPA con-
centration in females but not in males. It should be noted
that the polychotomous logistic regression models
included all other urinary phenols, ethnicity, and age as
covariates.
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TABLE 3.—Association of urinary BPA with allergic asthma.

Categories of allergic asthma Males Females

Asthma High eosinophil ~ High total Mean (LSE) Adjusted OR Mean (LSE) Adjusted OR
ever count serum IgE N log;o BPA ng/mL (95% CI); p N log;o BPA ng/mL (95% CI); p

- - - 388 0.32 (0.02) 1.00 381 0.22 (0.04) 1.00

- - + 269 0.38 (0.04) 1.46 (0.87-2.49); .143 313 0.22 (0.04) 0.91 (0.57-1.44); .655
- + - 156 0.20 (0.04) 0.62 (0.40-0.98); .043 145 0.24 (0.05) 1.20 (0.78-1.86); .404
- + + 194 0.30 (0.06) 0.70 (0.33-1.47); .320 183 0.25 (0.04) 1.16 (0.60-2.27); .634
+ - - 39 0.34 (0.14) 1.01 (0.19-5.46); .983 30 0.32(0.14) 1.63 (0.40-6.66); .472
+ - + 45 0.42 (0.14) 1.61 (0.34-7.62); .527 37 0.22 (0.13) 0.90 (0.27-2.95); .850
+ + - 13 0.40 (0.24) 1.58 (0.16-16.0); .682 24 0.19 (0.11) 1.27 (0.43-3.76); .643
+ + + 61 0.30 (0.06) 0.83 (0.48-1.44); .474 63 0.40 (0.07) 2.21 (1.08-4.53); .032

Notes: ORs were estimated using polychotomous logistic regression and after adjusting for other urinary phenols included in the study, ethnicity, age, and the survey design by using the
svy command in Stata. OR, odds ratio; CI, confidence interval; LSE, linearized standard error.

Association of Urinary BPA with Atopy

We then examined the concentration of urinary BPA in
subjects with different numbers of positive allergen-
specific IgEs. Our results (Figure 1) identified a trend
between a high mean log;(BPA concentration in male
[odds ratio (OR) = 140, p = .139] and female
(OR = 1.25, p = .285) subjects with >6 and >4 positive
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FIGURE 1.—Gender-specific distribution of urinary BPA based on atopy
status. Bar graph shows the mean and 95% ClIs (error bars) of log;o BPA
concentrations for a given number of allergens against which specific IgE was
positive.

allergen-specific IgE tests, respectively. When males and
females were analyzed together, a high number of positive
allergen-specific IgE tests (defined as >6 for males and >4
for females) were associated with a statistically significant
high mean log;(BPA (OR = 1.30, p = .05). Therefore, we
ran a polychotomous multivariate logistic regression
model (similar to the one specified in Table 3) for the
second definition of allergic asthma that used the presence
of atopy as a classifier in the place of total serum IgE
levels. The results of these analyses (Table 4) fully corro-
borated those shown in Table 3.

Independent Association of Urinary BPA with Current
Asthma

Finally, we investigated whether the urinary BPA was inde-
pendently associated with current asthma. For these ana-
lyses, the dependent variable was occurrence of an asthma
episode during the past 12 months. Using logistic regression
analyses and receiver operating characteristic curves, we
found that the most predictive variable for current asthma
was high total serum IgE (Model 1 in Table 5) followed by
high eosinophil count (Model 2) and then by urinary BPA
concentration (Model 3) in females but not in males. Thus,
the addition of urinary BPA to high eosinophil and high IgE
improved the predictive performance indicating an additive
and independent value of urinary BPA concentration to
predict asthma episode within past 12 months in females.

TABLE 4.—Association of urinary BPA with allergic asthma (alternative definition).

Categories of allergic asthma Males

Females

Asthma High eosinophil Mean (LSE) Adjusted for other phenols Mean (LSE) Adjusted for other phenols
ever count Atopy N log;oBPA ng/mL OR (95% CI); p N log;oBPA ng/mL OR (95% CI); p

- - - 362 0.34 (0.02) 1.00 417 0.22 (0.03) 1.00

- - + 299 0.34 (0.02) 0.95 (0.71-1.28); .736 283 0.21 (0.05) 0.85 (0.54-1.36); .477
- + - 132 0.25 (0.05) 0.71 (0.40-1.27); .231 178 0.24 (0.04) 1.17 (0.78-1.77); .422
- + + 220 0.25 (0.04) 0.47 (0.28-0.77); .006 154 0.24 (0.05) 1.12 (0.58-2.18); .718
+ - - 30 0.32(0.16) 0.76 (0.15-3.98); .731 28 0.37 (0.16) 2.08 (0.43-10.0); .335
+ - + 54 0.42 (0.12) 1.34 (0.33-5.46); .661 40 0.18 (0.14) 0.77 (0.19-3.03); .685
+ + - 13 0.22 (0.16) 0.55 (0.14-2.15);0.365 26 0.21 (0.06) 1.31 (0.78-2.19); .285
+ + + 61 0.34 (0.07) 0.83 (0.40-1.74); .605 61 0.43 (0.05) 2.45 (1.53-3.91); .001

Notes: ORs were estimated using polychotomous logistic regression and after adjusting for other urinary phenols included in the study, ethnicity, age, and the survey design by using the
svy command in Stata. OR, odds ratio; CI, confidence interval; LSE, linearized standard error.
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TABLE 5.—Additive value of clinically relevant independent variables to
predict an asthma episode within past 12 months.

Males, Females,

Parameter N=1051 N =1062
Model 0: Null model
Predictive accuracy (%) 50.00 50.00
Akaike information criterion 367.38 342.80
Likelihood chi-square 0.00 0.00
Model 1: High total serum IgE only
Predictive accuracy (%) 64.51 65.73
Akaike information criterion 354.66 328.53
Likelihood chi-square 14.72 16.27
Model 2: High total serum IgE and high

eosinophil count
Predictive accuracy (%) 68.69 74.96
Akaike information criterion 351.09 311.25
Likelihood chi-square 20.28 35.54
Model 3: High total serum IgE, high eosinophil

count, and high urinary BPA
Predictive accuracy (%) 69.77 77.25
Akaike information criterion 351.09 306.86
Likelihood chi-square 21.22 41.94

DISCUSSION

Allergic Asthma, BPA, and IgE

In these analyses of the NHANES 2005-2006 data, we
show that urinary BPA, which most likely indicates envir-
onmental BPA exposure (19), is associated with allergic
asthma in females. This association was consistently seen
when allergic asthma was defined in two different ways—
(1) history of asthma ever + high eosinophil count + high
total serum IgE and (2) history of asthma ever 4 high
eosinophil count 4+ one or more positive allergen-specific
IgE. Interestingly, in both scenarios, urinary BPA was not
associated with the nonallergic asthma groups. The hall-
mark of allergic diseases is the presence of a Th2 and
allergen-specific IgE responses. Our finding that BPA is
associated with allergic asthma but not nonallergic asthma
suggests that it might play a role in the pathogenesis of the
allergic immune response. One possible interpretation of
these findings is that BPA may act as an allergic sensitizer
and induce specific IgE responses. This interpretation is
not supported by this cross-sectional data set, but it is
compatible with previous in vitro and animal studies
demonstrating that BPA indeed acts as an allergic sensiti-
zer by inducing Th2 and specific IgE responses (13, 20,
21). This suggests that the association between BPA and
allergic asthma is, at least in part, IgE mediated.

Gender Differentials

An interesting finding in this study was a gender difference
with respect to the association between BPA and allergic
asthma. When urinary BPA was considered as a continu-
ous variable in the regression analysis, a significant asso-
ciation with allergic asthma was seen only in females but
not in males. These findings suggest that in females there is
a dose-response relationship between urinary BPA and
allergic asthma—a gradual increase in the OR for allergic

asthma with increasing urinary BPA. We hypothesize that
this gender difference is related to the estrogenic activity of
BPA and the inherent differences in sensitivities of male
and female immune systems to estrogens. Related to this
concept is the human immune system sexual dimorphism
that is seen with respect to autoimmune disorders, like
systemic lupus erythematosus and rheumatoid arthritis
that are more prevalent in females than in males. Sex
hormone receptors, including estrogen receptors, are
expressed on nonsexual tissues such as cells of the immune
system and estrogens regulate the immune system and play
arole in this sexual dimorphism (22-24).

Mechanistic Implications

The predictive modeling data show that urinary BPA is
associated with asthma episode in the past 12 months
independently of high total IgE and high eosinophil
count. This suggests that the association between BPA
and an asthma episode in the previous 12 months is at
least partly non-IgE, non-eosinophilia mediated. This find-
ing can still be explained by the hypothesis that BPA acts
as an allergic or Th2 sensitizer. As a Th2 promoting agent,
BPA could enhance production of all three prototypic Th2
cytokines: IL-4, IL-5, and IL-13. Of these cytokines, IL-4
plays a role in IgE class switching, while IL-5 acts as an
eosinophil growth factor and chemotactic agent leading to
peripheral and tissue eosinophilia. Hence, the non-IgE,
non-eosinophilia effects of BPA could potentially be
mediated through the actions of IL-13. While direct biolo-
gical evidence for this hypothesis is lacking, we believe
that the hypothesis presents an interesting direction for
future research.

Study Limitations

We recognize several limitations to this study. First, since
this is a secondary data analysis, any sample selection
biases in the original survey will affect the interpretation
and generalization of these findings. Second, we also rea-
lize that the misclassification or incorrect definition of the
dependent variable (allergic asthma) will affect interpreta-
tion of the findings. To mitigate this, we have used two
well-accepted definitions of allergic asthma in this study
and the results in both scenarios are comparable. Third, the
dichotomization of continuous variables used in the pre-
dictive modeling in this study was based on sample means,
which will be specific to the survey population. As a result,
findings of the predictive modeling directly apply only to
the NHANES 2005-2006 survey population and cannot be
extrapolated to the general population. Fourth, since the
NHANES 2005-2006 was a cross-sectional survey and
there is lack of data on longitudinal exposure to environ-
mental phenols, we can only make conclusions of associa-
tion between the variables and causality cannot be claimed
with certainty. Fifth, urinary BPA is assumed to indicate
environmental exposure to BPA (19). However, in the
absence of actual exposure data and/or pharmacokinetic
data for BPA, this assumption also cannot be claimed with
certainty. Urinary BPA concentrations were done at a
single time point and one could argue that they only
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represent current exposure and not a history of exposure to
BPA. This being a cross-sectional survey, assessments
about temporal exposure to BPA cannot be made.
However, it is felt that in a population setting averaging
effects will allow for consideration of a longer exposure to
BPA in the past. Furthermore, single urinary BPA mea-
surements could be indicative of urinary BPA concentra-
tions in the past if survey participants did not have
significant lifestyle changes, and hence changes in BPA
exposure, around the time of this survey. Finally, in studies
of this nature it is a common practice to adjust for urinary
creatinine as a surrogate for urinary dilution (25).
However, for this specific data set You et al. (26) have
demonstrated that there exists a correlation between the
urinary BPA concentration and renal function. Therefore,
if we would have attempted to correct for urinary creati-
nine we could have falsely negated the association
between urinary BPA concentration and allergic asthma.
Future studies need to address this limitation before BPA—
allergic asthma association can be established.

CONCLUSIONS

In summary, although causality cannot be proved due to a
cross-sectional disposition of the data set analyzed, the find-
ings of this study are of sufficient public health concern. Our
findings demonstrate a consistent, specific, and independent
association of urinary BPA concentration with allergic
asthma in females. Further longitudinal and mechanistic
studies in humans will shed more light on the direction and
strength of this association. Also it will be interesting to look
at more specific subpopulations categorized on the basis of
age, gender, and degree of exposure to examine the consis-
tency and generalizability of our observations.

DECLARATION OF INTEREST

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

REFERENCES

1. Masoli M, Fabian D, Holt S, Beasley R. The global burden of asthma:
executive summary of the GINA Dissemination Committee report.
Allergy 2004; 59(5):469-478.

2. Sicherer SH, Munoz-Furlong A, Godbold JH, Sampson HA. US pre-
valence of self-reported peanut, tree nut, and sesame allergy: 11-year
follow-up. J Allergy Clin Immunol 2010; 125(6):1322-1326.

3. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WIJ, Togias A,
Zuberbier T, Baena-Cagnani CE, Canonica GW, van Weel C, Agache I,
Ait-Khaled N, Bachert C, Blaiss MS, Bonini S, Boulet LP, Bousquet PJ,
Camargos P, Carlsen KH, Chen Y, Custovic A, Dahl R, Demoly P, Douagui
H, Durham SR, van Wijk RG, Kalayci O, Kaliner MA, Kim Y'Y, Kowalski
ML, Kuna P, Le LT, Lemiere C, Li J, Lockey RF, Mavale-Manuel S,
Meltzer EO, Mohammad Y, Mullol J, Naclerio R, O'Hehir RE, Ohta K,
Ouedraogo S, Palkonen S, Papadopoulos N, Passalacqua G, Pawankar R,
Popov TA, Rabe KF, Rosado-Pinto J, Scadding GK, Simons FE, Toskala E,
Valovirta E, van Cauwenberge P, Wang DY, Wickman M, Yawn BP,
Yorgancioglu A, Yusuf OM, Zar H, Annesi-Maesano I, Bateman
ED, Ben Kheder A, Boakye DA, Bouchard J, Burney P, Busse WW,

12.

20.

21.

Chan-Yeung M, Chavannes NH, Chuchalin A, Dolen WK, Emuzyte R,
Grouse L, Humbert M, Jackson C, Johnston SL, Keith PK, Kemp JP,
Klossek JM, Larenas-Linnemann D, Lipworth B, Malo JL, Marshall GD,
Naspitz C, Nekam K, Niggemann B, Nizankowska-Mogilnicka E,
Okamoto Y, Orru MP, Potter P, Price D, Stoloff SW, Vandenplas O,
Viegi G, Williams D. Allergic rhinitis and its impact on asthma (ARIA)
2008 update (in collaboration with the World Health Organization, GA(2)
LEN and AllerGen). Allergy 2008; 63(Suppl. 86):8—160.

. Kwak ES, Just A, Whyatt R, Miller RL. Phthalates, pesticides, and

bisphenol-A exposure and the development of nonoccupational asthma
and allergies: how valid are the links?. Open Allergy J 2009; 2:45-50.

. Midoro-Horiuti T, Tiwari R, Watson CS, Goldblum RM. Maternal

bisphenol A exposure promotes the development of experimental asthma
in mouse pups. Environ Health Perspect 2010; 118(2): 273-277.

. Ohshima Y, Yamada A, Tokuriki S, Yasutomi M, Omata N, Mayumi M.

Transmaternal exposure to bisphenol A modulates the development of
oral tolerance. Pediatr Res 2007; 62(1):60-64.

. USFDA. Update on bisphenol A for use in food contact applications:

January 2010. 2010:1-7.

. Lang IA, Galloway TS, Scarlett A, Henley WE, Depledge M, Wallace

RB, Melzer D. Association of urinary bisphenol A concentration with
medical disorders and laboratory abnormalities in adults. JAMA 2008;
300(11):1303-1310.

. Carwile JL, Michels KB. Urinary bisphenol A and obesity: NHANES

2003-2006. Environ Res 2011; 111(6):825-830.

. LiD, Zhou Z, Qing D, He Y, Wu T, Miao M, Wang J, Weng X, Ferber

JR, Herrinton LJ, Zhu Q, Gao E, Checkoway H, Yuan W. Occupational
exposure to bisphenol-A (BPA) and the risk of self-reported male sexual
dysfunction. Hum Reprod 2010; 25(2):519-527.

. Sugiura-Ogasawara M, Ozaki Y, Sonta S, Makino T, Suzumori K.

Exposure to bisphenol A is associated with recurrent miscarriage. Hum
Reprod 2005; 20(8):2325-2329.

Braun JM, Yolton K, Dietrich KN, Hornung R, Ye X, Calafat AM,
Lanphear BP. Prenatal bisphenol A exposure and early childhood beha-
vior. Environ Health Perspect 2009; 117(12):1945-1952.

. Tian X, Takamoto M, Sugane K. Bisphenol A promotes IL-4 production

by Th2 cells. Int Arch Allergy Immunol 2003; 132(3):240-247.

. Yoshino S, Yamaki K, Yanagisawa R, Takano H, Hayashi H, Mori Y.

Effects of bisphenol A on antigen-specific antibody production, prolif-
erative responses of lymphoid cells, and THI and TH2 immune
responses in mice. Br J Pharmacol 2003; 138(7):1271-1276.

. Spanier AJ, Kahn RS, Kunselman AR, Hornung R, Xu Y, Calafat

AM, Lanphear BP. Prenatal exposure to bisphenol A and child
wheeze from birth to three years. Environ Health Perspect 2012.
doi: 10.1289/ehp.1104175.

. Melzer D, Harries L, Cipelli R, Henley W, Money C, McCormack P,

Young A, Guralnik J, Ferrucci L, Bandinelli S, Corsi AM, Galloway T.
Bisphenol A exposure is associated with in vivo estrogenic gene expres-
sion in adults. Environ Health Perspect 2011; 119(12): 1788-1793.

. Creticos PS. The consideration of immunotherapy in the treatment

of allergic asthma. J Allergy Clin Immunol 2000; 105(2 Pt 2):
S559-S574.

. Woodruff PG, Modrek B, Choy DF, Jia G, Abbas AR, Ellwanger A,

Koth LL, Arron JR, Fahy JV. T-helper type 2-driven inflammation
defines major subphenotypes of asthma. Am J Respir Crit Care Med
2009; 180(5):388-395.

. Vandenberg LN, Chahoud I, Heindel JJ, Padmanabhan V, Paumgartten

FJ, Schoenfelder G. Urinary, circulating, and tissue biomonitoring stu-
dies indicate widespread exposure to bisphenol A. Environ Health
Perspect 2010; 118(8):1055-1070.

Lee MH, Chung SW, Kang BY, Park J, Lee CH, Hwang SY, Kim TS.
Enhanced interleukin-4 production in CD44- T cells and elevated immu-
noglobulin E levels in antigen-primed mice by bisphenol A and non-
ylphenol, endocrine disruptors: involvement of nuclear factor-AT and
Ca2+. Immunology 2003; 109(1):76-86.

Yan H, Takamoto M, Sugane K. Exposure to bisphenol A prenatally or
in adulthood promotes T(H)2 cytokine production associated with reduc-
tion of CD4CD25 regulatory T cells. Environ Health Perspect 2008;
116(4):514-519.



806

22.

23.

24.

Whitacre CC. Sex differences in autoimmune disease. Nat Immunol
2001; 2(9):777-780.

Marriott I, Huet-Hudson YM. Sexual dimorphism in innate immune
responses to infectious organisms. Immunol Res 2006; 34(3):
177-192.

Beagley KW, Gockel CM. Regulation of innate and adaptive immunity
by the female sex hormones oestradiol and progesterone. FEMS
Immunol Med Microbiol 2003; 38(1):13-22.

25.

26.

S. V. VAIDYA & H. KULKARNI

Braun JM, Kalkbrenner AE, Calafat AM, Bernert JT, Ye X, Silva MJ,
Barr DB, Sathyanarayana S, Lanphear BP. Variability and predictors of
urinary bisphenol A concentrations during pregnancy. Environ Health
Perspect 2011; 119(1):131-137.

You L, Zhu X, Shrubsole MJ, Fan H, Chen J, Dong J, Hao CM, Dai Q.
Renal function, bisphenol A, and alkylphenols: results from the National
Health and Nutrition Examination Survey (NHANES 2003-2006).
Environ Health Perspect 2011; 119(4):527-533.



Copyright of Journal of Asthmaisthe property of Taylor & Francis Ltd and its content may not be copied or
emailed to multiple sites or posted to alistserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.



