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BISPHENOL A (BPA) IS USED TO

manufacture polycarbonate
resin and is a breakdown
product of coatings that pre-

vent metal corrosion in food and bev-
erage containers.1 In the US popula-
tion, exposure is nearly ubiquitous,
with 92.6% of persons 6 years or older
identified in the 2003-2004 National
Health and Nutrition Examination
Survey (NHANES) as having detect-
able BPA levels in their urine.2 A com-
prehensive, cross-sectional study of
dust, indoor and outdoor air, and
solid and liquid food in preschool-
aged children3 suggested that dietary
sources constitute 99% of BPA expo-
sure. BPA is rapidly excreted in urine,
with a half-life in the range of 4 to 43
hours.4,5 However, BPA also has been
detected in fat,6 and urinary BPA con-
centrations do not decline rapidly
with fasting time, suggesting that the
compound accumulates in fat and
other physiologic compartments.4

In experimental studies, BPA expo-
sure has been shown to disrupt mul-
tiple metabolic mechanisms,7,8 sug-
gesting that it may increase body mass
in environmentally relevant doses9,10

and therefore contribute to obesity in
humans. This possibility has recently
been explored in adults. One cross-
sectional study found an association
between urinary BPA concentration

and increased risk of obesity in adults
in the US population, using the
NHANES.11 Other studies have dem-
onstrated associations between uri-
nary BPA concentration and adult
diabetes, cardiovascular diagnoses,
and abnormalities in liver func-
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Context Bisphenol A (BPA), a manufactured chemical, is found in canned food, poly-
carbonate-bottled liquids, and other consumer products. In adults, elevated urinary
BPA concentrations are associated with obesity and incident coronary artery disease.
BPA exposure is plausibly linked to childhood obesity, but evidence is lacking to date.

Objective To examine associations between urinary BPA concentration and body
mass outcomes in children.

Design, Setting, and Participants Cross-sectional analysis of a nationally repre-
sentative subsample of 2838 participants aged 6 through 19 years randomly selected
for measurement of urinary BPA concentration in the 2003-2008 National Health and
Nutrition Examination Surveys.

Main Outcome Measures Body mass index (BMI), converted to sex- and age-
standardized z scores and used to classify participants as overweight (BMI �85th per-
centile for age/sex) or obese (BMI �95th percentile).

Results Median urinary BPA concentration was 2.8 ng/mL (interquartile range, 1.5-
5.6). Of the participants, 1047 (34.1% [SE, 1.5%]) were overweight and 590 (17.8%
[SE, 1.3%]) were obese. Controlling for race/ethnicity, age, caregiver education, pov-
erty to income ratio, sex, serum cotinine level, caloric intake, television watching, and
urinary creatinine level, children in the lowest urinary BPA quartile had a lower estimated
prevalence of obesity (10.3% [95% CI, 7.5%-13.1%]) than those in quartiles 2 (20.1%
[95% CI, 14.5%-25.6%]), 3 (19.0% [95% CI, 13.7%-24.2%]), and 4 (22.3% [95%
CI, 16.6%-27.9%]). Similar patterns of association were found in multivariable analyses
examining the association between quartiled urinary BPA concentration and BMI z score
and in analyses that examined the logarithm of urinary BPA concentration and the preva-
lence of obesity. Obesity was not associated with exposure to other environmental phe-
nols commonly used in other consumer products, such as sunscreens and soaps. In strati-
fied analysis, significant associations between urinary BPA concentrations and obesity were
found among whites (P� .001) but not among blacks or Hispanics.

Conclusions Urinary BPA concentration was significantly associated with obesity in
this cross-sectional study of children and adolescents. Explanations of the association
cannot rule out the possibility that obese children ingest food with higher BPA con-
tent or have greater adipose stores of BPA.
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tion.12,13 A longitudinal study of
apparently healthy adults showed an
association between baseline urinary
BPA concentration and later-life coro-
nary artery disease.14

The special vulnerability of chil-
dren to environmental chemicals15 am-
plifies concerns about BPA exposure in
this population. Although obesity re-
flects individual behaviors, the built en-
vironment, and possibly synthetic
chemical obesogens, prior studies have
heavily emphasized the first 2 of these
factors rather than the third.16

We therefore examined urinary BPA
concentrations and body mass out-
comes in 6- to 19-year-olds in the 2003-
2008 NHANES.

METHODS
Data Source and Sample

The NHANES is a continuous, multi-
component, nationally representative
survey of the noninstitutionalized US
population administered by the Na-
tional Center for Health Statistics
(NCHS) of the Centers for Disease Con-
trol and Prevention. We used informa-
tion from the questionnaire, labora-
tory, diet, and physical examination
components of the NHANES, for which
data are available in biennial group-
ings. Urinary samples—the source for
BPA concentration in this study—
have been analyzed in a one-third sub-
sample from the 2003-2004 survey for-
ward; although BPA concentrations for
2009-2010 were available at the time
of our analysis, dietary data were not.

Written consent, and child assent as
appropriate, was obtained from parents/
guardians or participants after ap-
proval by the NCHS research ethics re-
view board. The New York University
School of Medicine institutional re-
view board exempted this study from
review because it is based on previ-
ously collected data that have been de-
identified.

Measurement of Urinary BPA
Concentration

Urinary BPA concentration was mea-
sured in 1 spot sample from each par-
ticipant and analyzed using high-

performance liquid chromatography
and tandem mass spectroscopy. More
extensive methodological description
is provided elsewhere.17 For urinary
BPA concentrations below the level of
detection (100 [3.5%]), we substi-
tuted the value of 0.3 ng/mL routinely
assigned by the NHANES. To correct
for urinary dilution, we controlled for
urinary creatinine in all multivariable
models, following usual practice.2,4 To
assess possible systematic bias intro-
duced by a change in the method used
to measure urinary creatinine levels in
2007, we added a categorical variable
representing NHANES wave to our fi-
nal multivariable models as part of a
sensitivity analysis.

Body Mass Outcomes

In the NHANES, trained health tech-
nicians assessed body measurements,
following standardized procedures.18

Body mass index (BMI), calculated as
weight in kilograms divided by height
in meters squared, was used to mea-
sure adiposity. Because BMI varies
widely by age and sex, age- and sex-
standardized BMI z scores are com-
monly used. These were derived using
Centers for Disease Control and Pre-
vention year 2000 norms. Overweight
and obese were categorized as BMI z
score of 1.036 or greater (85th percen-
tile for age and sex) and 1.64 or greater
(95th percentile), respectively.19 Our
primary study outcome was obesity, al-
though we also examined overweight
and BMI z score as secondary study out-
comes.

Control for Potential Confounders

Trained interviewers fluent in Span-
ish and English elicited total 24-hour
calorie intake in person, using stan-
dard measuring guides to assist report-
ing of volumes and dimensions of food
items.20 The physical activity variables
changed during the study period, com-
plicating the categorization of physi-
cal activity in children into low, me-
dium, and high, as would be used to
derive caloric needs using age- and sex-
specific US Department of Agriculture
guidelines.21 As a conservative mea-

sure, we therefore assumed all partici-
pants to have high physical activity and
categorized them as having “normal”
and “excessive” caloric intake based on
the daily caloric guidelines set for chil-
dren with high physical activity, rec-
ognizing that this probably underesti-
mates the extent to which some
exceeded US Department of Agricul-
ture calorie intake guidelines.

We used daily hours of television
watching to assess behavioral risk (with
a cut point of �2 h/d, in light of the pre-
vious association with obesity in
NHANES).22 Because exposure to to-
bacco smoke is a risk factor for the
metabolic syndrome in adolescence,23

we included serum cotinine level in
multivariable models. We categorized
it into low (�0.015 ng/mL), medium
(�0.015 to �2 ng/mL), and high (�2
ng/mL) categories, following previous
practices.24

Race/ethnicity was categorized into
Mexican American, other Hispanic,
non-Hispanic white, non-Hispanic
black, and other, based on self-report
by 17- to 19-year-olds and caregiver re-
port in 6- to 16-year-olds. Caregiver
education was categorized as less than
9th grade, 9th through 12th grade, high
school/General Equivalency Diploma,
some college, and college or greater.
Poverty-income ratio was categorized
into quartiles, within the sample for
which urinary BPA concentration was
measured. Age was categorized into 2
groups: 6 through 11 and 12 through
19 years.

To maximize sample size in multi-
variable analysis, “missing” categories
were created for all potential confound-
ers. Data on television watching were
missing in 17.4% and on serum coti-
nine level in 11.1%. Otherwise, less than
5% of values were missing for any con-
founding variable. As a robustness
check, we repeated our main multivari-
able analysis as a complete case analy-
sis, omitting observations that had miss-
ing values for any of the covariates.

Statistical Analysis

Appropriately weighted univariable, bi-
variable, and multivariable analyses
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were conducted in a fashion that re-
flects the NHANES complex survey
sampling design, using Stata 12.0 and
following NCHS guidelines.25 All analy-
ses applied 2-sided tests, using a cut-
off of P=.05 for significance. Because
overweight and obesity are highly
prevalent in our sample, we present ad-
justed odds ratios (ORs) along with es-
timated prevalences (which incorpo-
rate the complex sample weighting),
based on multivariable models.

We also created unweighted sample
quartiles for urinary BPA concentra-
tion and used these indicator vari-
ables to further allow for nonlinearity
in tests of association. We performed
�2 analyses of the association between
urinary BPA quartile and the potential
confounders named above and with cat-
egorical overweight and obesity.

To assess heterogeneity of associa-
tion in subpopulations, we also devel-
oped regression models of the associa-
tion between urinary BPA concentrations
and obesity, controlling for urinary cre-
atinine level, in strata defined by each of
the potential confounding categorical
variables described previously. As a fur-
ther test of heterogeneity, we added
stratum�urinary BPA concentration in-
teraction terms to whole-sample regres-
sion models controlling for urinary cre-
atinine level to test those interactions for
statistical significance. When interac-
tion terms had P� .05, we interpreted
this to confirm a stratum-specific effect.

Multivariable regression analysis was
used to model BMI z score and logistic
regression to model categorical over-
weight and obese. All initial models ad-
justed for urinary creatinine level, while
final multivariable models also in-
cluded race/ethnicity, age, caregiver
education, poverty to income ratio, sex,
serum cotinine level, and lifestyle char-
acteristics (caloric intake and televi-
sion watching). From the logistic mod-
els, we present adjusted ORs as well as
estimated prevalences, which are prob-
abilities calculated from the multivari-
able logistic models, including survey
sampling weights and design. As an ad-
ditional analysis, to investigate linear-
ity of associations between urinary BPA

concentrations and body mass, we re-
iterated all regression analyses substi-
tuting the logarithm of the urinary BPA
concentration for quartiled concentra-
tions. The log transformation was nec-
essary because of the skewed distribu-
tion of urinary BPA concentrations in
the study population.

Analysis for Specificity
of Association

We also examined associations of uri-
nary concentrations of several environ-
mental phenols that are chemically
similar to BPA and that were mea-
sured in the NHANES. Benzophe-
none-3 is widely used in sunscreens,
4-tertoctylphenol is used in deter-
gents and other industrial cleaners, and
triclosan is present in soaps, deodor-
ants, shaving creams, and tooth-
pastes.26 These phenols are not rou-
tinely used in food packaging or
aluminum can linings.

Urinary concentrations were catego-
rized into quartiles (or in the case of
4-tertoctylphenol into detectable/
nondetectable) and examined for their
association with indicators of body
mass/obesity, adjusting for urinary cre-
atinine level. Quartiles of these other
phenols were also added individually
to the final multivariable models, with
obesity as an outcome.

RESULTS
During the study period (2003-2008),
9270 children and adolescents aged
6 through 19 years participated in
NHANES. Our analytic sample com-
prisedthe2838nonpregnantparticipants
randomly selected for measurement of
urinaryBPAconcentrations.Medianuri-
nary BPA concentration was 2.8 ng/mL
(interquartile range, 1.5-5.6).

TABLE 1 presents descriptive and bi-
variate analyses of urinary BPA quar-
tile with demographic, environmen-
tal, dietary, and physical activity
covariates as well as primary study out-
comes. Within the subsample, preva-
lence of obesity (590 [17.8%]) and
overweight (1047 [34.1%]) were con-
sistent with other reports from
NHANES 2003-2008.27 As previously

noted in analysis of the 2003-2004
NHANES sample,2 distributions of uri-
nary BPA concentrations differed by
race/ethnicity, with a preponderance of
lower concentrations in Mexican
Americans and higher concentrations
in non-Hispanic blacks. Concentra-
tions were also lowest among children
with caregivers at both educational ex-
tremes. Children with the lowest se-
rum cotinine levels (�0.015 ng/mL)
had a preponderance of lower urinary
BPA concentrations. Caloric intake and
television watching were not signifi-
cantly associated with urinary BPA
quartiles, but quartile was associated
with overweight and obesity.

Association of Urinary BPA
Concentration With Obesity

TABLE 2 examines associations be-
tween urinary BPA concentration quar-
tile and obesity from logistic regres-
sion models, controlling for urinary
creatinine level. In the whole popula-
tion, the odds of obesity were in-
creased in the second (OR, 2.22 [95%
CI, 1.53-3.23]), third (OR, 2.09 [95%
CI, 1.48-2.95]), and fourth (OR, 2.53
[95% CI, 1.72-3.74]) quartiles of uri-
nary BPA concentration (P� .001 for
all estimates). Corresponding esti-
mated prevalences were 10.0% (95% CI,
7.6%-12.5%) for the first quartile, 19.9%
(95% CI, 15.0%-24.7%) for the sec-
ond, 18.9% (95% CI, 14.8%-23.0%) for
the third, and 22.1% (95% CI, 17.0%-
27.2%) for the fourth.

Further stratified analyses showed
this association to be statistically sig-
nificant in only 1 racial subpopulation.
Although the risk for whites beyond
the first quartile was substantial (sec-
ond quartile: OR, 4.32 [95% CI, 2.08-
8.99]; third quartile: OR, 4.20 [95%
CI, 2.01-8.77]; fourth quartile: OR,
6.03 [95% CI, 2.88-12.62]; P� .001
for all estimates; estimated preva-
lences, 4.7% [95% CI, 1.8%-7.6%],
17.5% [95% CI, 0.6%-24.4%], 17.1%
[95% CI, 11.7%-22.4%], and 22.8%
[95% CI, 15.8%-29.8%], respectively,
in increasing quartiles), neither His-
panic (Mexican American and other
Hispanic) or non-Hispanic black chil-
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dren had a significantly increased risk
of obesity with elevated concentra-
tions of urinary BPA. Whole-sample
stat ist ical analysis of the race/
ethnicity-urinary BPA quartile interac-
tion with obesity as the outcome

showed significant interactions for
white participants (second-quartile
OR, 3.10 [95% CI, 1.33-7.21; P=.01];
third-quartile OR, 3.33 [95% CI, 1.48-
7.49; P = .005]; fourth-quartile OR,
4.08 [95% CI, 1.66-10.0; P = .003])

and no significant association for par-
ticipants of other races/ethnicities.
Further whole-sample analysis of the
race/ethnicity–urinary BPA concentra-
tion interaction with BMI z score
fa i led to conf irm a signi f icant

Table 1. Study Population Characteristics in Urinary Bisphenol A Quartiles in Pooled 2003-2008 NHANES (N = 2838)

Characteristic

All Urinary Bisphenol A Concentration Quartile, % (SE)a

P
ValuecNo. % (SE)b

1
(n = 685)

2
(n = 700)

3
(n = 737)

4
(n = 716)

Sex
Female 1374 48.7 (1.3)d 48.9 (2.5) 50.9 (2.5) 47.0 (3.2) 47.3 (2.5)

.74
Male 1464 51.3 (1.3) 51.1 (2.5) 49.1 (2.5) 53.0 (3.2) 52.7 (2.5)

Age group, y
6-11 1059 42.0 (1.3) 42.1 (2.1) 40.7 (2.3) 43.7 (2.7) 42.2 (2.5)

.84
12-19 1779 58.0 (1.3) 57.9 (2.1) 59.3 (2.3) 56.3 (2.7) 57.8 (2.5)

Race/ethnicity
Hispanic–Mexican American 850 12.2 (1.3) 16.3 (1.9) 13.8 (1.6) 10.4 (1.5) 9.0 (1.3)

Hispanic–other Hispanic 162 4.6 (0.9) 5.2 (1.4) 6.3 (1.3) 4.1 (1.3) 2.9 (0.9)

Non-Hispanic white 789 62.0 (2.5) 59.4 (3.4) 60.7 (2.7) 64.7 (3.6) 62.3 (3.1) �.001

Non-Hispanic black 903 14.9 (1.4) 10.9 (1.7) 13.6 (1.6) 16.9 (2.0) 18.5 (2.1)

Other 134 6.3 (0.9) 8.1 (1.7) 5.5 (1.2) 3.9 (1.0) 7.2 (1.5)

Poverty to income ratio quartile
1 (�0.83) 658 16.5 (1.3) 15.8 (2.0) 14.1 (1.7) 17.7 (1.8) 17.6 (1.8)

2 (0.83-1.59) 691 18.5 (1.3) 15.3 (1.5) 18.9 (2.2) 19.5 (1.9) 20.7 (2.2)

3 (1.60-3.09) 671 25.3 (1.4) 22.0 (2.6) 25.5 (2.6) 25.8 (2.3) 28.0 (2.2) .09

4 (�3.1) 678 35.8 (2.5) 42.4 (3.0) 37.6 (3.6) 33.3 (2.9) 30.2 (3.8)

Missing 140 4.0 (0.5) 4.6 (1.1) 3.8 (0.9) 3.7 (1.0) 3.5 (0.6)

Caregiver education
�9th grade 334 6.5 (0.6) 8.1 (1.3) 6.6 (1.1) 4.9 (0.7) 6.3 (0.6)

9th-12th grade 538 13.0 (1.1) 10.6 (1.5) 13.1 (1.8) 13.8 (1.7) 14.6 (1.8)

High school or GED 641 23.1 (1.2) 19.8 (1.7) 21.4 (2.4) 25.9 (2.4) 26.1 (1.9)
.046

Some college 784 31.2 (1.3) 29.1 (2.5) 30.9 (2.3) 34.1 (2.7) 30.4 (2.5)

College or greater 417 22.5 (1.8) 26.9 (3.2) 25.1 (2.9) 18.5 (2.0) 19.4 (2.6)

Missing 124 3.8 (0.5) 5.6 (1.3) 3.0 (1.0) 3.2 (0.8) 3.2 (0.9)

Serum cotinine, ng/mL
�0.015 442 14.8 (1.5) 19.2 (2.6) 18.7 (1.8) 12.3 (2.0) 9.6 (1.7)

0.015-1.9 1706 59.0 (1.4) 56.9 (3.3) 58.5 (2.4) 62.3 (2.5) 57.4 (2.6)
�.001

�2.0 375 14.5 (1.1) 14.0 (2.3) 10.4 (1.5) 13.3 (1.6) 19.8 (2.2)

Missing 315 11.7 (0.8) 9.8 (1.7) 12.4 (1.7) 12.1 (1.5) 13.3 (1.6)

Television watching, h/d
�2 744 35.2 (1.4) 38.7 (2.7) 32.4 (2.7) 33.5 (2.4) 36.8 (2.9)

.30
�2 1599 64.8 (1.4) 61.3 (2.7) 67.6 (2.7) 66.5 (2.4) 63.2 (2.9)

Caloric intake vs active child of same age and sexe

�USDA cut point 802 29.7 (1.3) 30.7 (2.5) 31.2 (2.6) 30.3 (2.1) 26.1 (2.0)
.34

�USDA cut point 1898 70.3 (1.3) 69.3 (2.5) 68.8 (2.6) 69.7 (2.1) 73.9 (2.0)

Overweight
No 1769 65.9 (1.5) 71.5 (2.2) 65.7 (2.7) 63.4 (2.6) 63.5 (2.9)

.08
Yes 1047 34.1 (1.5) 28.5 (2.3) 34.3 (2.7) 36.6 (2.6) 36.5 (2.9)

Obese
No 2226 82.2 (1.3) 90.2 (1.2) 80.1 (2.5) 80.9 (2.1) 77.5 (2.5)

�.001
Yes 590 17.8 (1.3) 9.8 (1.2) 19.9 (2.5) 19.1 (2.1) 22.5 (2.5)

Abbreviations: GED, General Equivalency Diploma; NHANES, National Health and Nutrition Examination Survey; USDA, United States Department of Agriculture.
aQuartile 1: urinary bisphenol A concentrations �1.5 ng/mL; quartile 2: 1.5-2.7 ng/mL; quartile 3: 2.8-5.5 ng/mL; quartile 4, �5.6 ng/mL.
bAll percentages are weighted using population weights for the sample in which bisphenol A concentration was measured.
cCalculated using a �2 test.
dTotal number of participants for some variables do not total to 2838 because of missing data. See “Methods.”
eUSDA cut point indicates cut point for children with high physical activity.
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Table 2. Association of Urinary Bisphenol A Concentration and Odds and Prevalence of Obesity in Strata Defined by Sample Characteristicsa

All

Urinary Bisphenol A Concentration Quartileb

1
(n = 685)

2
(n = 700)

3
(n = 737)

4
(n = 716)

Unweighted
No.,

Obese/Total

Obese in
Stratum, %

(SE)c
Prevalence
(95% CI), %

OR
(95% CI)

Prevalence
(95% CI), %

OR
(95% CI)

Prevalence
(95% CI), %

OR
(95% CI)

Prevalence
(95% CI), %

Entire sample 590/2816 17.8 (1.3) 10.0
(7.6-12.5)

2.22
(1.53-3.23)d

19.9
(15.0-24.7)

2.09
(1.48-2.95)d

18.9
(14.8-23.0)

2.53
(1.72-3.74)d

22.1
(17.0-27.2)

Sex
Female 285/1366 16.5 (1.5) 10.8

(6.7-14.8)
1.86

(1.10-3.17)e
18.4

(12.4 to 24.3)
1.65

(0.93-2.92)
16.6

(11.6-21.6)
2.00

(1.15-3.49)e
19.5

(13.5-25.5)

Male 305/1450 19.0 (1.8) 9.4
(6.5-12.4)

2.63
(1.56-4.43)d

21.6
(15.2-27.9)

2.56
(1.66-3.96)d

21.1
(15.2-27.0)

3.14
(1.79-5.48)d

24.7
(17.2-32.1)

Age group, y
�12 227/1055 18.0 (1.6) 12.2

(6.8-17.5)
1.72

(1.05-2.81)e
19.2

(11.7-26.6)
1.91

(1.14-3.21)e
20.9

(15.1-26.6)
2.34

(1.31-4.18)e
24.3

(18.1-30.5)

�12 363/1761 17.6 (1.5) 9.6
(6.1-13.1)

2.59
(1.49-4.48)f

21.6
(15.7-27.5)

2.14
(1.25-3.64)f

18.6
(13.3-23.8)

2.57
(1.55-4.23)f

21.5
(15.3-27.6)

Race/ethnicity
Hispanic 227/1004 23.2 (1.9) 22.4

(17.2-27.6)
1.24

(0.80-1.92)
26.5

(20.2-32.7)
0.94

(0.58-1.49)
21.3

(14.9-27.7)
1.02

(0.65-1.59)
22.8

(16.0-29.7)

Non-Hispanic white 124/787 15.5 (1.7) 4.7
(1.8-7.6)

4.32
(2.08-8.99)d

17.5
(10.6-24.4)

4.21
(2.01-8.77)d

17.1
(11.7-22.4)

6.03
(2.88-12.62)d

22.8
(15.8-29.8)

Non-Hispanic black 216/893 24.5 (1.9) 20.8
(13.8-27.9)

0.99
(0.58-1.66)

20.7
(15.2-26.2)

1.38
(0.78-2.47)

26.8
(19.2-34.3)

1.34
(0.75-2.38)

26.1
(18.3-33.8)

Other 23/132 10.3 (2.9) 7.1
(−2.4 to 16.7)

2.84
(0.64-12.4)

17.7
(3.8-31.7)

2.11
(0.30-14.8)

13.9
(0.5-27.3)

1.22
(0.25-5.86)

8.6
(2.5-14.6)

Poverty to income ratio
�1.6 305/1335 22.5 (1.8) 15.1

(10.6-19.7)
2.22

(1.46-3.35)d
28.3

(20.8-35.9)
1.70

(1.04-2.78)e
23.3

(17.8-28.8]
1.54

(0.93-2.55)
21.6

(16.9-26.4]

�1.6 254/1343 15.4 (1.4) 7.7
(4.6-10.8)

2.22
(1.28-3.86)f

15.7
(11.3-20.0)

2.26
(1.32-3.88)f

15.9
(10.8-21.05)

3.62
(1.96-6.68)d

23.2
(15.9-30.5)

Missing 31/138 14.2 (3.4) 9.3
(0.09-18.5)

2.08
(0.35-12.01)

17.4
(1.3-33.5)

3.24
(0.80-13.16)

24.6
(7.2-41.9)

1.17
(0.26-5.19)

10.7
(1.7-19.6)

Caregiver educationg

Less educated 366/1497 22.4 (1.9) 12.8
(8.7-16.9)

2.09
(1.26-3.47)f

23.5
(16.8-30.1)

1.92
(1.17-3.17)e

22.0
(15.9-28.2)

2.78
(1.61-4.77)f

28.9
(21.6-36.3)

More educated 201/1196 14.2 (1.3) 7.6
(3.8-11.3)

2.60
(1.33-5.10)f

17.6
(12.1-23.1)

2.31
(1.21-4.38)e

15.9
(11.2-20.6)

2.31
(1.20-4.46)e

15.9
(10.5-21.4)

Missing 23/123 17.8 (4.4) 17.5
(−0.1 to 35.1)

0.84
(0.12-5.88)

15.0
(−3.1 to 33.1)

1.58
(0.24-10.00)

25.0
(4.6-45.4)

0.87
(0.15-5.09)

15.6
(1.2-30.0)

Serum cotinine
�2 ng/mL 454/2134 17.6 (1.5) 11.1

(8.0-14.3)
2.24

(1.47-3.40)d
21.9

(16.3-27.4)
1.50

(1.04-2.16)e
15.9

(11.9-19.9)
2.19

(1.44-3.31)d
21.5

(16.2-26.8)

�2 ng/mL 73/372 18.8 (2.6) 5.0
(0.0-10.3)

3.38
(0.85-13.34)

14.9
(4.5-25.4)

10.93
(2.24-53.20)f

35.9
(20.4-51.4)

6.50
(1.36-31.00)e

25.1
(12.3-37.9)

Missing 63/310 17.8 (3.0) 11.2
(1.8-20.7)

1.16
(0.31-4.40)

12.9
(3.5-22.2)

2.29
(0.68-7.73)

22.5
(10.7-34.2)

2.37
(0.63-8.80)

23.1
(9.2-36.9)

Television watching
�2 h/d 227/1224 15.5 (1.7) 9.7

(6.1-13.4)
2.10

(1.19-3.68)e
18.5

(11.2-25.8)
1.85

(1.14-2.96)e
16.6

(10.6-22.6)
1.91

(1.03-3.54)e
17.1

(10.2-24.1)

�2 h/d 363/1592 20.1 (1.8) 10.6
(7.1-14.0)

2.28
(1.45-3.59)f

21.3
(15.4-27.2)

2.21
(1.48-3.32)d

20.8
(15.5-26.0)

3.02
(1.77-5.14)d

26.3
(19.2-33.4)

Missing 114/487 20.4 (2.6) 12.8
(6.9-18.8)

1.84
(0.79-4.29)

21.3
(10.5-32.2)

2.18
(0.95-5.00)

24.3
(13.0-35.5)

2.21
(1.04-4.73)e

24.5
(12.2-36.9)

Caloric intake vs active
child of same age
and sexh

�USDA cut
point

133/798 14.7 (1.5) 7.6
(3.6-11.6)

2.34
(1.13-4.82)e

16.2
(9.3-23.1)

2.29
(1.14-4.59)e

15.9
(11.1-20.7)

3.24
(1.28-8.19)e

21.1
(10.6-31.5)

�USDA cut
point

457/2018 19.0 (1.5) 10.9
(8.0-13.9)

2.22
(1.49-3.30)d

21.5
(16.0-26.9)

2.05
(1.37-3.06)f

20.2
(15.0-25.3)

2.35
(1.56-3.54)d

22.4
(17.0-27.8)

Missing 29/134 14.9 (3.4) 7.4
(−0.06 to 14.9)

3.50
(0.84-14.63)

21.6
(1.7-41.6)

2.87
(0.49-17.00)

18.5
(3.6-33.4)

3.07
(0.68-13.88)

19.5
(3.4-35.6)

Abbreviations: OR, odds ratio; USDA, United States Department of Agriculture.
aLogistic regression analysis conducted across bisphenol A quartiles of exposure (with quartile 1 as reference group), adjusted for urinary creatinine concentration. bQuartile 1: values

�1.5 ng/mL; quartile 2: values 1.5-2.7 ng/mL; quartile 3: values 2.8-5.5 ng/mL; quartile 4, values �5.6 ng/mL. cWeighted using environmental subsample B weight, per National
Center for Health Statistics direction. dP� .001. eP� .05. fP� .01. gMore educated indicates some college or more. hUSDA cut point indicates cut point for children with high physical
activity.
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interaction with race/ethnicity (eTable
1, available at http://www.jama.com).

In linear and logistic regressions of
body mass outcomes against log-
transformed urinary BPA concentra-
tions (eTable 1), an interaction be-
tween white race and log-transformed
BPA concentration was confirmed when
obesity was the outcome (OR, 1.34
[95% CI, 1.05-1.72]; P=.02) but not
when BMI z score was the outcome
(P� .38 for interaction terms).

Although the association was stron-
ger in male participants, interaction
terms were not significant, suggesting
absence of an interaction between sex
and urinary BPA concentration
(P� .30 for all 3 quartiles). When log-
transformed urinary BPA concentra-
tions were substituted for quartiled
concentrations, a significant interac-
tion between sex and urinary BPA
concentration was not found (P=.23).
There was little other evidence of
heterogeneity of association in
subgroups.

TABLE 3 presents results of full mul-
tivariable linear and logistic regres-
sion analyses of body mass outcomes
and their association with quartiles of
urinary BPA concentrations in the en-
tire sample. Compared with the first
quartile (estimated prevalence of obe-
sity, 10.3% [95% CI, 7.5%-13.1%]; es-
timated mean BMI z score, 0.38 [95%
CI, 0.26-0.50]), the third quartile was
associated with a 0.16-SD (95% CI,

0.01-0.30; P=.04) increment in BMI z
score, an OR of 2.08 for obesity (95%
CI, 1.46-2.96; P� .001), and a 19.0%
estimated prevalence of obesity (95%
CI, 13.7%-24.2%). The highest quar-
tile was associated with a 0.22-SD (95%
CI, 0.06-0.39, P=.008) increment in
BMI z score, an OR of 2.57 for obesity
(95% CI, 1.72-3.83; P� .001), and a
22.3% estimated prevalence of obesity
(95% CI, 16.6%-27.9%). Correspond-
ing ORs and increments in BMI z score
are provided for all covariates in the full
multivariable model, including strati-
fied analysis, in eTables 2 and 3. We
note that excessive caloric intake was
inversely associated with elevations in
body mass, which could reflect under-
reporting bias or behavioral changes by
those children and their families to re-
duce body mass.

Specificity of Association

In bivariate analysis, urinary metabo-
lites of other phenols were not associ-
ated with overweight or obesity (eTable
4), with the exception of urinary ben-
zophenone level with obesity. How-
ever, that association was nonmono-
tonic and likely arose by chance. When
added to final multivariable models with
urinary BPA concentration quartiles, the
other environmental phenols were not
associated with obesity, nor did they
significantly perturb associations of BPA
concentration with obesity or BMI z
score (eTable 5A and B). Inclusion of

NHANES wave covariates to account for
differences in method used to mea-
sure creatinine levels attenuated the as-
sociation of third-quartile BPA concen-
tration with BMI z score to P=.055 but
did not affect other associations (eTable
6). In a complete case analysis (exclud-
ing all cases with missing covariates,
n=1858), only association of the third-
quartile BPA concentration with BMI
z score attenuated to nonsignificance.
Relationships of log-transformed BPA
concentration with BMI z score and cat-
egorical obesity remained significant
(eTable 7).

COMMENT
To our knowledge, this is the first
report of an association of an environ-
mental chemical exposure with child-
hood obesity in a nationally represen-
tative sample. The association was
evident when exposure and outcome
were modeled in a number of differ-
ent ways. For example, compared
with the lowest quartile of urinary
BPA concentration, values in the sec-
ond, third, and fourth quartiles
showed a substantial elevation in the
odds of obesity, controlling for an
array of potential confounders. This
translates into an adjusted prevalence
of obesity of 22.3% (95% CI, 16.6%-
27.9%) among children in the highest
quartile, compared with a 10.3%
prevalence (95% CI, 7.5%-13.1%)
among those in the lowest quartile.

Table 3. Association of Urinary Bisphenol A Concentration and Body Mass Outcomes From Full Multivariable Modelsa

Body Mass Outcome

Increment in BMI
z Score (95% CI)

Overweight Obesity

OR (95% CI)
Prevalence
(95% CI), % OR (95% CI)

Prevalence
(95% CI), %

Urinary bisphenol A
concentration quartile

1 1 [Reference] 1 [Reference] 31.1 (25.4 to 36.8) 1 [Reference] 10.3 (7.5 to 13.1)

2 0.12 (−0.02 to 0.27) 1.26 (0.96 to 1.64) 36.0 (30.8 to 41.2) 2.24 (1.54 to 3.24)b 20.1 (14.5 to 25.6)

3 0.16 (0.01 to 0.30)c 1.28 (0.98 to 1.66) 36.4 (29.9 to 42.8) 2.08 (1.46 to 2.96)b 19.0 (13.7 to 24.2)

4 0.22 (0.06 to 0.39)d 1.26 (0.86 to 1.82) 35.9 (29.7 to 42.2) 2.57 (1.72 to 3.83)b 22.3 (16.6 to 27.9)

Log-transformed bisphenol A
concentration, ng/mL

0.06 (0.001 to 0.11)c 1.04 (0.92 to 1.18) 1.24 (1.08 to 1.44)d

aFor all models, n=2814. All models control for sex, caloric intake, television watching, poverty to income ratio, parental education, serum cotinine level, urinary creatinine level, age, and
race/ethnicity categories.

bP� .001.
cP� .05.
dP� .01.
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This cross-sectional study, when con-
sidered in isolation, is at best hypoth-
esis generating. Relative to similar pub-
lished cross-sectional studies of urinary
BPA in adults,11,13 we included com-
paratively rich information about de-
mographics, exposures, and lifestyle
variables, thus providing more con-
vincing evidence for nonspuriousness
of the association. Our results are simi-
lar to associations of BPA concentra-
tion with obesity in adults identified
using NHANES 2003-2006.11 The ab-
sence of an association between body
mass/obesity and levels of other envi-
ronmental phenols argues for a speci-
ficity of association.

Obesity develops over time, and cau-
sation cannot be inferred from a cross-
sectional association of urinary BPA
concentration with increased body
mass, even when consistent with in-
creasing laboratory evidence.28,29 En-
docrine-disrupting chemicals such as
BPA may have their greatest effect in
early life30 rather than in the period from
ages 6 through 19 years examined in
this study.

The relationship between BPA ex-
posure and urinary BPA concentra-
tion is complex. In population stud-
ies, it is difficult to definitively
document the relationship between BPA
exposure and excretion in a way that
would be possible in the laboratory. To
date, there have been no pharmacoki-
netic studies in children. If BPA is rap-
idly and completely excreted, as sug-
gested by the few adult pharmacokinetic
studies to date,5 then a single measure-
ment of urinary BPA concentration
would be a poor proxy for long-term
exposure. Recent data from adults in
NHANES 2003-2004, however, sug-
gest that urinary BPA concentration
does not decrease rapidly with fasting
time, suggesting that it is stored in fat
or other physiologic compartments.4

Even if urinary BPA concentration
does not solely reflect recent consump-
tion, it is likely to be a “noisy” indica-
tor of chronic exposure. Studies with
serial measurements of urinary BPA
have identified Pearson correlation co-
efficients in the range of 29% to 64%

over 1- to 6-month periods.26,31,32 Time
of urine collection may also influence
BPA concentration.33 A recent study
documenting within-person variabil-
ity in urinary BPA levels nonetheless
concluded that when “samples are col-
lected from a large number of persons
(e.g. population surveys like NHANES)
and randomly collected relative to meal
ingestion times and bladder emptying
times, the single spot-sampling ap-
proach may reflect the average expo-
sure of a population to BPA.”34 In ad-
dition, if current concentration of
urinary BPA is a noisy index of early life
exposure, our estimates of association
should be biased toward the null.35

Knowledge gaps also persist in un-
derstanding how food is contami-
nated with BPA. Although one de-
tailed study has suggested that dietary
sources constitute 99% of BPA expo-
sure in children3 and multiple studies
have measured BPA levels in canned
foods,1,36-38 data from a more represen-
tative and comprehensive sample of US
foods are still lacking. BPA content in
food perhaps reflects pH (with mark-
edly acidic or alkaline foods likely to
have lower BPA content compared with
foods with a pH of 5) as much if not
more than food type and packaging.1

Racial/ethnic differences in urinary BPA
concentrations and associations of uri-
nary BPA concentration with body mass
may also reflect differences in food
choices.2 Data from NHANES 2005-
2006 suggest associations of consump-
tion of soda, school lunches, and meals
prepared outside the home—but not
bottled water or canned tuna—with uri-
nary BPA concentrations.39 Insofar as
food uses of polycarbonate plastics have
been reduced (as reflected in the re-
cent Food and Drug Administration
[FDA] ban on BPA in sippy cups and
baby bottles),40 then examination of
BPA content in US foods as currently
produced is needed.

The nonmonotonic association with
obesity identified here, even though it
was also identified in adults,11 could al-
ternatively represent some unmea-
sured confounder in the first quartile
of BPA concentration that lowers the

prevalence of obesity. This concern is
somewhat diminished by the linear re-
lationship to the logarithm of urinary
concentration. Perhaps more impor-
tantly, hundreds of studies to date have
documented nonmonotonic dose-
response relationships in humans, ani-
mals, and cell cultures across a wide ar-
ray of environmental chemicals.41

Birnbaum42 has emphasized that non-
monotonic associations are common for
endocrine disruptors, have molecular
mechanistic support, and should not be
dismissed, especially as a matter of in-
forming regulatory decision making.

Is our evidence consistent with re-
verse causation—for example, with
obese children ingesting more BPA-
containing foods? Although we ad-
justed for caloric intake, we do not
know whether the sources of calories
consumed differ between obese and
nonobese children. Obese children may
drink more canned or bottled bever-
ages, or eat more canned food, and thus
have higher urinary BPA levels. Simi-
larly, although we adjusted for exces-
sive caloric intake and television watch-
ing—2 lifestyle-associated risks for
childhood obesity—it may be that sed-
entary children consume foods high in
BPA. Obese children could also have
higher urinary BPA concentrations be-
cause BPA is stored and released from
adipose tissue. We cannot rule out these
alternative explanations in a cross-
sectional design.

Our finding of the specificity of
association in white participants is
only confirmed in interaction tests for
obesity as an outcome and not for
BMI z score. This specificity still mer-
its further discussion but presents dif-
ficulty in interpretation. It could sug-
gest spuriousness, if obese whites
have unique dietary behaviors that
otherwise would result in differences
in urinary BPA concentrations—but
we have no evidence that this is so.
Another interpretation is that BPA
exposure interacts with the genome
or epigenome to yield different effects
in racial/ethnic subgroups. The sex
predilection of the association identi-
fied here, while not confirmed in
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models including interaction terms, is
not surprising, given the known asso-
ciation of obesity with increased
estrogen levels in males43 and the
mild estrogenic activity of BPA.44

To date, research has primarily cen-
tered around the role of BPA in adult
disease (with the exception of child
neurodevelopment).45 Although con-
cerns have been raised over the last de-
cade that synthetic chemicals might act
as obesogens, few data have been avail-
able from human studies. Our na-
tional, cross-sectional analysis draw-
ing on recent data is relevant and
generalizable. Longitudinal studies with
detailed data on potential confound-
ers and other potential environmental
obesogens collected at earlier win-
dows of endocrine development (when
exposures are more likely to have an ef-
fect30) are needed.

Advocates and policy makers have
long been concerned about BPA expo-
sure. We note the recent FDA ban of
BPA in baby bottles and sippy cups,40

yet our findings raise questions about
exposure to BPA in consumer prod-
ucts used by older children. Last year,
the FDA declined to ban BPA in alu-
minum cans and other food packag-
ing, announcing “reasonable steps to re-
duce human exposure to BPA in the
human food supply” and noting that it
will continue to consider evidence on
the safety of the chemical.46 Carefully
conducted longitudinal studies that as-
sess the associations identified here will
yield evidence many years in the fu-
ture. The National Institutes of Health
and other US government agencies47

have encouraged such long-term stud-
ies of BPA and other putative obe-
sogens.28

CONCLUSIONS
In this cross-sectional study of chil-
dren and adolescents, urinary BPA con-
centration was significantly associ-
ated with obesity. For researchers, next
steps could include research con-
ducted among children already en-
rolled in longitudinal studies, measur-
ing urinary BPA concentrations in
banked samples. Ultimately, the stron-

gest evidence will come from prospec-
tive studies with meticulous longitu-
dinal data collection.
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