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Abstract
Purpose—Emerging evidence suggests that exposure to endocrine disruptors may initiate or
exacerbate adiposity and associated health problems. This study examined sex differences in the
association of urinary level of bisphenol-A (BPA) with selected indices of glucose homeostasis
among U.S. adults.

Methods—Data analyses were performed using a sample of 1,586 participants from the 2005–
2008 National Health and Nutrition Examination Surveys. BPA level and the ratio of BPA-to-
creatinine level were defined as log-transformed variables and in quartiles. Selected indices of
glucose homeostasis were defined using fasting glucose and insulin data. Multivariate linear and
logistic regression models for the hypothesized relationships were constructed after controlling for
age, sex, race, education, marital status, smoking status, physical activity, total dietary intake and
urinary creatinine concentration.

Results—Taking 1st quartile as a referent, 3rd quartile of BPA level was positively associated
with log-transformed level of insulin and β-cell function (HOMA-β) as well as insulin resistance
(log-transformed HOMA-IR; HOMA-IR≥2.5), with significant BPA-by-sex interaction; these
associations were stronger among males than among females. Irrespective of sex, the ratio of
BPA-to-creatinine level was not predictive of indices of glucose homeostasis.

Conclusions—A complex association may exist between BPA and hyperinsulinemia among
adult U.S. men. Prospective cohort studies are needed to further elucidate endocrine disruptors as
determinants of adiposity-related disturbances.
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INTRODUCTION
The current epidemic of obesity and its associated metabolic diseases (type 2 diabetes,
cardiovascular disease, hypertension and dyslipidemias) that plagues the U.S. and other
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industrialized nations has been primarily ascribed to poor dietary habits and sedentary
lifestyles (1–3). Emerging evidence suggests that exposure to environmental pollutants such
as atrazine, bisphenol-A (BPA), dichlorodiphenyltrichloroethane, diethylstilbestrol, dioxin,
phthalates, polychlorinated biphenyls, organotins and other endocrine disruptors may also
initiate or exacerbate these health problems (2, 4–10). Endocrine disruptors are lipophilic
substances that usually act as transcription factors for the nuclear hormone receptor
superfamily and can either mimic or block the action of endogenous sex hormones, resulting
in irreversible alterations (at developmental stages) and reversible alterations (at post-
developmental stages) in patterns of gene expression (2, 5–10). Sex steroids (androgens and
estrogens) play an important role in establishing and maintaining adipose tissue (2, 4) and in
conjunction with growth hormones can mobilize lipids and have anti-adipogenic effects;
their effects are counteracted by insulin and cortisol that have adipogenic effects (2).
Exposure to endocrine disruptors is thought to promote adiposity typical of Cushing’s
syndrome, polycystic ovary syndrome, growth hormone deficiency, menopause, aging,
alcoholism and depression.(2, 7)

Current evidence linking endocrine disruptors to adiposity-related disturbances originates
mainly from studies of BPA, a ubiquitous man-made chemical substance (11–14). Although
studies have suggested that low-dose BPA exposure may be associated with increased
reproductive and cancer risks (15–21), regulatory bodies in the U.S., Canada and Europe
have distinct views on whether BPA should be considered a hazardous substance (22). Since
the 1960s, BPA has been produced in large quantities (2 million metric tons worldwide in
2003(13, 23)) for the manufacture of polymeric materials such as epoxy resins, polyester-
styrene and polycarbonate plastics. These materials are used for a wide range of consumer
products, including flame retardants, dental sealants and fillings, adhesives, protective
coatings, infant feeding bottles, food and mineral water storage containers and food and
beverage can linings (2, 11, 12, 24–28).

The health effects of endocrine disruptors, including BPA, are thought to be partly produced
by sex hormones. For instance, BPA can mimic the action of the sex hormone 17β-estradiol
(E2) by binding to estrogen receptors and inducing estrogen receptor-mediated gene
expression (29–31). Whereas normal E2 concentrations are crucial for maintaining insulin
sensitivity and β-cell function, abnormal E2 concentrations may promote insulin resistance,
similar to what occurs in normal puberty or pregnancy (32). Exposure to an E2-mimicking
substance such as BPA may initiate or exacerbate insulin resistance (2, 12). Animal studies
suggest that BPA may alter insulin biosynthesis and secretion in pancreatic β-cells,
potentially through the over-activation of the estrogen receptor, ER-α (14, 32). This may
lead to insulin resistance and the subsequent development of type 2 diabetes (14, 32). Other
mechanisms of BPA action include dysregulation of glucose transport in adipocytes and
inhibition of adiponectin release (14, 32).

Biomonitoring studies suggest that over 90% of the U.S. population (≥6 years of age) has
detectable urinary BPA concentrations (13, 14) and that BPA exposure may be a risk factor
for type 2 diabetes, cardiovascular disease and related morbidities (11, 12). The purpose of
this study is to examine the association of urinary BPA concentration with selected indices
of glucose homeostasis, using a U.S.-representative sample from the 2005–2008 National
Health and Nutrition Examination Surveys (NHANES). Because BPA is capable of
mimicking E2 action, we further examined whether the hypothesized relationships varied
according to sex.
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METHODS
Study Population

The NHANES is a series of nationally representative sample surveys designed to assess the
health and nutritional status of the U.S. civilian non-institutionalized population. Stratified,
multistage, probability survey samples were obtained based on the selection of counties,
blocks, households and persons within households, with over-sampling of individuals of low
income, adults aged 60 years or older, African-Americans, and Mexican-Americans.
Demographic, socioeconomic and health data were collected by trained staff using
household interviews. A mobile examination center (MEC) run by health professionals
collected anthropometric, physiological and laboratory measurements, either on all or a sub-
group of study participants. Informed consent was obtained for all participants and the
institutional review board of the National Center for Health Statistics approved all protocols
for the NHANES.(33)

NHANES became a continuous surveillance system in 1999. For these analyses, we
combined the 2005–2006 and 2007–2008 NHANES datasets and subsequently applied a
series of selection criteria to fulfill the study purpose. The total sample consisted of 20,497
participants, 10,348 subjects who participated in the 2005–2006 NHANES wave (34) and
10,149 subjects who participated in the 2007–2008 NHANES wave (35). Of those, 11,791
were study-eligible because they were adults, 18 years of age and older. A sub-sample of
3,566 adults had urinary concentrations of BPA assayed during the MEC exam (1,652 in
2005–2006 and 1,914 in 2007–2008) (36–39); of those, 1,607 individuals had non-missing
data on fasting glucose and insulin concentrations (744 in 2005–2006 and 863 in 2007–
2008). A total of 21 individuals were excluded for having extreme values for total energy
intake (<800 kilocalories (males), <600 kilocalories (females) and >5000 kilocalories (either
sex)), leaving 1,586 eligible subjects (737 in 2005–2006 and 849 in 2007–2008). The
distribution of the final sample (n=1,586) according to key demographic characteristics,
namely age, sex and race, did not differ substantially from that of the original sample of
NHANES 2005–2008 adults (n=11,791).

Measurements
Urinary bisphenol-A—In NHANES, urinary concentrations of BPA, benzophenone-3, 4-
tert-octylphenol, five chlorophenols (2,4-dichlorophenol, 2,5-dichlorophenol, 2,4,5,-
trichlorophenol, 2,4,6-trichlorophenol and triclosan) and several parabens (methyl-, ethyl-,
propyl-, and butyl paraben) were determined using on-line solid phase extraction (SPE)
coupled to high-performance liquid chromatography–isotope dilution tandem mass
spectrometry (MS/MS). Briefly, the conjugated species of these substances (in 100 μL of
urine) were hydrolyzed by use of β-glucuronidase/sulfatase (H. pomatia). After hydrolysis,
samples were acidified with 0.1 M formic acid; the phenols were pre-concentrated by online
SPE, separated by reversed-phase High Performance Liquid Chromatography (HPLC), and
detected by atmospheric pressure chemical ionization (APCI)–MS/MS (36, 38, 40, 41). The
lower limit of detection (LOD) for BPA was found to be 0.4ng/mL. Of 1,341 NHANES
participants, 92 had a BPA concentration below the LOD (0.4ng/mL) and were assigned by
NHANES a value of 0.3ng/mL (11, 42). The Shapiro-Wilk test for normality implied that
the distribution of urinary BPA concentration was skewed. Accordingly, the continuous
BPA measurement was analyzed after log-transformation; it was also categorized into
quartiles (‘Q1: 0.3-<1.0’, ‘Q2: 1.0-<2.0’, ‘Q3: 2.0-<3.7’, ‘Q4: ≥ 3.7’) to examine dose-
response relationships. A BPA-to-creatinine ratio was also computed to examine the effect
of BPA level per gram of creatinine excreted in urine. This measurement was log-
transformed and defined in quartiles (‘Q1: 0.001-<0.01’, ‘Q2: 0.01-<0.02’, ‘Q3: 0.02-
<0.03’, ‘Q4: ≥ 0.03’).
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Glucose homeostasis—Circulating levels of glucose (mg/dl or mmol/l) and insulin (μU/
ml) were determined after an overnight fast on a sub-sample of MEC participants.
Hyperglycemia was defined as fasting glucose ≥ 100 mg/dl, based on the updated National
Cholesterol Education Program Adult Treatment Panel III criteria for metabolic syndrome
(43). An index of β-cell function (HOMA-β) was calculated as 20×(insulin (μU/ml))/
(glucose (mmol/l))−3.5) (44). Insulin sensitivity was defined using the quantitative insulin
sensitivity check index (QUICKI), calculated using the formula 1/log (insulin(μU/ml))
+log(glucose(mg/dl)) (45). Insulin resistance was defined as Homeostasis Model
Assessment for Insulin Resistance (HOMA-IR), calculated using the formula [insulin (μU/
ml) × glucose (mg/dl) / 405], with HOMA-IR ≥ 2.5 suggesting a high level of insulin
resistance (46, 47). Because of their skewed distributions, continuous measurements of
glucose, insulin, HOMA-β, QUICKI and HOMA-IR were analyzed as log-transformed
variables.

Covariates—Socio-demographic and lifestyle factors were identified as a priori
confounders for the hypothesized relationships based on the literature (11–14, 48–56).
Socio-demographic factors were defined as age (in years), sex (male, female), race
(Mexican American, Other Hispanic, non-Hispanic White, non-Hispanic Black, Other),
education (less than high school, high school, more than high school), marital status (ever
married, never married/living with partner) and survey wave (2005–2006, 2007–2008).
Smoking status was categorized as non-smoker, ex-smoker and current smoker. Physical
activity was quantified in terms of metabolic equivalent scores (METS) using pre-defined
2005–2006 and 2007–2008 NHANES questionnaire items and weights and further
categorized into quartiles (‘Q1: 0’, ‘Q2:>0-<6.8’, ‘Q3: 6.8-<11.8’ and ‘Q4: ≥11.8’)). Dietary
energy intake (in kilocalories (kcal) was calculated as the average of two 24-hour dietary
recalls and further categorized into quartiles (‘Q1: 621.0-<1480.0, ‘Q2: >1480.0-<1971.5’,
‘Q3: 1971.5-<2528’ and ‘Q4: ≥2528’)). Finally, urinary creatinine concentration was
defined, in mg/dl, as quartiles (‘Q1: 8-<77’, ‘Q2: 77-<121’, ‘Q3: 121-<172’ and ‘Q4:
≥172’).

Statistical Analysis
All analyses were conducted using STATA version 12. We applied survey commands and
the recommended fasting sample weights for the period of 2005–2008 (57). Summary
statistics included (means ± standard errors of the mean (SEM)) and (median ± interquartile
range) for continuous variables or frequencies and percentages for categorical variables.
Bivariate associations of log-transformed BPA in relation to socio-demographic, lifestyle
and outcome characteristics were analyzed using one-way analysis of variance (ANOVA).
Multivariable regression models were constructed to evaluate the association of BPA
concentration (log-transformed or in quartiles) or BPA-to-creatinine ratio (log-transformed
or in quartiles) with the selected indices of glucose homeostasis (log-transformed or
dichotomized), after adjustment for a priori confounders. Beta coefficients and odds ratios
(OR) were computed with their 95 percent confidence intervals (CI) using linear (svyreg)
and logistic (svylogit) regression, taking sampling weights into consideration. These weights
were defined to represent the U.S. civilian, non-institutionalized population while
accounting for over-sampling of certain age and ethnic groups and interview non-response.
Race-stratified analyses, specifically for the “Mexican Americans” and “Other Hispanic”
groups, revealed aberrant results when comparing estimates of BPA concentration for the
2005–2008 NHANES to the 2-year (2005–2006 NHANES and 2007–2008 NHANES)
estimates. Further analyses suggested no significant race-by-survey wave interactions in
relation to BPA concentration. Accordingly, survey wave was included in the final
regression models. Two-way interactions of BPA-by-sex were evaluated in the fully-
adjusted regression models in order to assess variations in the association of BPA level with
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selected outcomes, according to sex. Two-sided statistical tests were performed at α level of
0.05.

RESULTS
The study sample consisted of 1586 2005–2008 NHANES participants (797 men and 789
women) with a mean (± SEM) age of 45.4 (± 0.7) years. Furthermore, 52% were females,
70% were non-Hispanic White, 56% had over high-school level education, 76% were ever-
married and 51% had never smoked cigarettes; the mean (± SEM) metabolic score (MetS)
for physical activity, dietary energy intake and creatinine level were 7.9 (± 0.3), 2136.7 (±
36.4) kilocalories and 130.7 ± 2.9 mg/dl, respectively. The median urinary BPA
concentration was estimated to be 2.0, with an inter-quartile range of 1.0–3.7 ng/mL. As
shown in Table 1, BPA level varied significantly according to age, marital status and
creatinine concentration. Specifically, urinary BPA level declined with advancing age; it
was also higher among individuals who were either never married or were living with a
partner and correlated positively with creatinine level. Table 2 describes the selected indices
of glucose homeostasis, revealing no significant bivariate associations between urinary BPA
level and the selected dichotomous outcomes, namely fasting glucose ≥100 mg/L and
HOMA-IR ≥2.5, before or after stratifying by sex. Further analyses suggested a complex
non-linear relationship between urinary BPA level and several continuous outcomes of
interest (Figure 1).

Table 3 presents multivariate linear regression models for urinary BPA and BPA-to-
creatinine ratio exposure in relation to continuous outcomes after adjustment for age, sex,
race, education, marital status, smoking status, physical activity, total dietary intake, urinary
creatinine concentration and survey wave. For both men and women, urinary BPA exposure
was not significantly associated with fasting glucose concentration or QUICKI. Taking the
1st quartile as a reference group, the 3rd quartile of urinary BPA exposure was directly
related to log-transformed fasting insulin concentration (β=0.2, 95% CI: 0.09, 0.3), log-
transformed HOMA-β (β=0.2, 95% CI: 0.08, 0.4) and log-transformed HOMA-IR (β=0.2,
95% CI: 0.1, 0.4), implying that a BPA level ranging from 2.0 ng/dl to 3.7 ng/dl may be
linked to enhanced β-cell function as well as hyperinsulinemia and insulin resistance.
Stratified analyses by sex suggested that the aforementioned associations were significant
among men but not among women, although the two-way interaction terms were not
statistically significant. By contrast, the ratio of BPA-to-creatinine was not significantly
associated with indices of glucose homeostasis, defined as continuous variables.

Table 4 presents multivariate logistic regression models for urinary BPA and BPA-to-
creatinine ratio exposure in relation to dichotomous outcomes after adjustment for age, sex,
race, education, marital status, smoking status, physical activity, total dietary intake, urinary
creatinine concentration and survey wave. Hyperglycemia, defined as fasting glucose ≥ 100
mg/dl, was not associated with urinary BPA level, irrespective of sex. By contrast, insulin
resistance (defined as HOMA-IR ≥ 2.5) was significantly and positively associated with
urinary BPA level (3rd quartile vs. 1st quartile: OR=1.7, 95% CI: 1.2, 2.4). Finally, a
significant BPA-by-sex interaction effect was found (Pinteraction=0.04), whereby the 3rd

quartile of BPA was identified as high-risk for insulin resistance compared to the 1st

quartile, among men (OR=2.7, 95% CI: 1.7, 4.3), but not among women (OR=1.2, 95% CI:
0.6, 2.3). By contrast, the ratio of BPA-to-creatinine was not significantly associated with
indices of hyperglycemia or insulin resistance.
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DISCUSSION
In this cross-sectional study using a nationally representative sample, we examined the
associations of urinary BPA level with selected indices of glucose homeostasis among U.S.
adults who participated in the 2005–2007 NHANES. Multivariable analyses suggested that
urinary BPA level ranging between 2.0 and 3.7 ng/dl may be associated with improved β-
cell function, but may also be a high-risk group for hyperinsulinemia resulting from insulin
resistance. Furthermore, the link between urinary BPA and selected indices of glucose
homeostasis was stronger among males compared to females. Hyperglycemia, per se, does
not appear to be influenced by urinary BPA level. Moreover, there were no significant dose-
response relationships between BPA level and indices of glucose homeostasis. Although
BPA level was predictive of selected health outcomes, the ratio of BPA-to-creatinine level
was not, implying a complex relationship which necessitates further investigation.

The hypothesized link between endocrine disruptors and adiposity is biologically plausible
and coherent with the “environmental obesogen hypothesis” and the “developmental origins
of health and disease.” The “environmental obesogen hypothesis” proposes that exposure to
a toxic chemical burden is superimposed on energy imbalance resulting from diet and
lifestyle to initiate or exacerbate the development of obesity and its associated health
consequences, including type 2 diabetes, cardiovascular disease, hypertension, and
dyslipidemias (2). The “developmental origins of health and disease” paradigm proposes
that fetal and perinatal stages of development represent periods of heightened sensitivity for
the establishment of persistent changes to the individual’s adaptive physiology (2). BPA
may be viewed as a toxic chemical that can target nuclear hormone receptor signaling
pathways, resulting in perturbed adipocyte proliferation, differentiation or modulation of
systemic homeostatic controls, with long-term consequences that may be magnified if
disruption occurs during sensitive developmental periods (2). Our study findings are
consistent with previous studies involving animals and human subjects that have implicated
developmental and post-developmental exposures to endocrine-disrupting chemicals in
reproductive and developmental outcomes (58, 59), cancer (22, 32, 60), obesity (48, 53, 61,
62), insulin resistance (11, 56, 63), type 2 diabetes (2, 11–14, 48), hypertension (2, 51),
dyslipidemia (2, 64, 65), metabolic syndrome (66, 67), cardiovascular disease(2, 11, 12, 68)
and depression (69).

Our study findings are also consistent with a growing number of studies that have used a
nationally representative sample to investigate the role of BPA (11–14, 48, 51) in
cardiometabolic conditions associated with adiposity, although our study is the first to
identify a non-linear relationship whereby the 3rd quartile of urinary BPA level can be
considered as a high-risk group for health outcomes related to circulating level of insulin but
not glucose. Lang et al.(11) previously assessed BPA exposure as a risk factor for chronic
disease diagnoses, blood markers of liver function, glucose homeostasis, inflammation and
lipid changes among U.S. adults, 18–74 years, who participated in the 2003–2004
NHANES. BPA concentration was positively associated with cardiovascular disease,
diabetes and abnormal liver enzymes (11). Melzer et al.(12) reported similar results using
2003–2006 NHANES data. Using 2003–2008 data, Shankar et al.(13) also found a 50%
increased odds of diabetes among individuals in the upper versus lower quartile of BPA
concentration. By the same token, Silver et al.(14) reported a positive relationship between
BPA concentration and the likelihood of type 2 diabetes in the 2003–2008 NHANES sample
of U.S. adults. However, this relationship was not reported consistently in the three
NHANES cycles (2003–2004, 2005–2006 and 2007–2008) (14).

To our knowledge, the present study is the first to have examined multiple indices of
glucose homeostasis, including HOMA-IR, QUICKI and HOMA-β in relation to urinary
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BPA level, and to have examined interaction effects by sex for the hypothesized
relationships. However, our study findings should be interpreted with caution in light of
several limitations. First, the NHANES study has a cross-sectional design that precludes
establishing temporal relationships. Consequently, it is difficult to ascertain the time window
of BPA exposure that is critical for onset of adiposity-related disturbances. Second, variation
in methodology used to assess BPA exposures among previously conducted studies reduces
our ability to synthesize the overall evidence for comparative purposes. Third, urinary BPA
level was measured once and this measurement may not reflect typical pre- or post-
developmental exposure to these endocrine disruptors. Fourth, HOMA-IR cannot be
considered as a gold standard for measuring insulin resistance. While it is a less invasive and
costly method for measuring insulin resistance as compared to the glucose clamp test, the
validity of HOMA-IR and the cut-off point of 2.5 is limited in the context of low BMI,
lower β-cell function, and high fasting glucose concentrations (70). Fifth, given the
observational nature of the study, residual confounding cannot be ruled out as an alternative
explanation, especially that dietary factors besides total energy consumption may influence
the level of exposure to endocrine disruptors such as BPA. Finally, multiple comparisons
were made leading to statistically significant associations which cannot be ruled out as
chance findings. In conclusion, a complex relationship between urinary BPA level and
selected indices of glucose homeostasis, specifically those reflecting β-cell function,
hyperinsulinemia and insulin resistance was identified; the magnitude of these relationships
differed according to sex, with U.S. men exhibiting stronger associations compared to U.S
women. Prospective cohort studies are needed to further examine BPA as a determinant of
adiposity-related disturbances.
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BPA Bisphenol-A

E2 17β-estradiol

HOMA-β Homeostasis Model Assessment for β-cell function

HOMA-IR Homeostasis Model Assessment for Insulin Resistance

HPLC High Performance Liquid Chromatography

LOD Limit of detection

MEC Mobile examination center

MS/MS tandem mass spectrometry

NHANES National Health and Nutrition Examination Survey

SPE Solid phase extraction

APCI atmospheric pressure chemical ionization
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Figure 1.
LOWESS curve for relationship of BPA level with indices of glucose homeostasis
Notes: 1=male; 2=female
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Table 1

Bisphenol-A by socio-demographic and lifestyle factors in the study sample (n=1586)

N (%a) or (Mean ± SEM)a Bisphenol-A (ng/mL) P*

Median (IQR)

Overall 2.0 (1.0, 3.7)

Sex: 0.23

 Male 797 (47.9) 2.1 (1.1, 3.7)

 Female 789 (52.0) 1.9 (0.9, 3.7)

Age (years): (45.4 ± 0.7) <0.0001

 18–19 110 (3.9) 2.6 (1.4, 5.4)

 20–29 258 (17.9) 2.5 (1.4, 4.4)

 30–39 259 (18.8) 2.0 (1.2, 3.4)

 40–49 249 (19.9) 2.1 (1.2, 4.2)

 50–59 224 (17.1) 1.9 (0.9, 3.3)

 60+ 486 (22.2) 1.5 (0.8, 2.9)

Race: 0.62

 Mexican American b 305 (8.5) 1.7 (1.1, 3.2)

 Other Hispanic c 122 (4.5) 2.0 (1.2, 3.9)

 Non-Hispanic White 768 (70.2) 1.8 (0.9, 3.6)

 Non-Hispanic Black 323 (10.9) 2.6 (1.4, 4.7)

 Other 68 (5.9) 1.8 (0.9, 2.8)

Education: 0.27

 Less than High School 443 (17.9) 1.9 (1.1, 3.7)

 High School 407 (26.4) 2.1 (0.9, 3.8)

 More than High School 734 (55.6) 2.0 (1.0, 3.6)

Marital status: 0.003

 Ever married 1152 (75.9) 1.8 (0.9, 3.4)

 Never married /Living with partner 391 (25.0) 2.6 (1.3, 4.7)

Smoking status: 0.63

 Non-smoker 757 (50.7) 1.9 (1.0, 3.7)

 Ex-smoker 401 (26.1) 1.9 (0.9, 3.1)

 Current smoker 315 (23.2) 2.1 (1.1, 4.1)

Physical activity (METS): (7.9 ± 0.3) 0.35

 Q1: 0 266 (12.9) 2.0 (1.0, 4.0)

 Q2: >0-<6.8 244 (17.7) 1.9 (0.9, 3.2)

 Q3: 6.8-<11.8 243 (17.4) 1.8 (0.8, 3.3)

 Q4: ≥ 11.8 250 (15.7) 2.4 (1.3, 4.7)

 Missing 583 (36.3) 2.0 (1.0, 3.7)

Dietary Energy Intake (kcal): (2136.7 ± 36.4) 0.88

 Q1: 621.0-<1480.0 334 (19.1) 1.9 (1.0, 3.5)

 Q2: >1480.0-<1971.5 336 (21.6) 1.7 (0.9, 3.6)

 Q3: 1971.5-<2528 335 (22.4) 2.1 (1.1, 4.1)
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N (%a) or (Mean ± SEM)a Bisphenol-A (ng/mL) P*

 Q4: ≥ 2528 336 (23.8) 2.1 (1.1, 3.5)

 Missing 245 (13.1) 2.1 (1.1, 4.4)

Creatinine level (mg/dl): (130.7 ± 2.9) <0.0001

 Q1: 8-<77 396 (23.3) 0.9 (0.4, 1.6)

 Q2: 77-<121 393 (25.4) 1.7 (0.9, 2.9)

 Q3: 121-<172 400 (27.4) 2.3 (1.5, 3.7)

 Q4: ≥ 172 397 (23.7) 3.6 (2.3, 6.5)

a
Weighted analyses;

b
NHANES 2005–2006 (Median (IQR)): (1.8 (0.9–3.0)); NHANES 2007–2008 (Median (IQR)): (1.7 (1.1–3.5));

c
NHANES 2005–2006 (Median (IQR)): (2.4 (1.5–3.8)); NHANES 2007–2008 (Median (IQR)): (1.9 (1.0–4.1));

*
P value for ANOVA test involving log-transformed bisphenol-A level with comparisons made across all categories of the covariates;

METS=Metabolic Equivalents; Q1=1st quartile; Q2=2nd quartile; Q3=3rd quartile; Q4=4th quartile; SEM=Standard error of mean;
IQR=Interquartile range.
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Table 2

Bisphenol-A by indices of glucose homeostasis in the study sample according to sex (n=1586)

N (%a) or (Mean ± SEM) a Bisphenol-A (ng/mL) P*

Overall Median (IQR)

Fasting glucose (mg/dL): (104.3 ± 0.9) 0.55

 ≥100 774 (45.7) 1.9 (1.0, 3.6)

 < 100 812 (54.3) 2.0 (1.0, 3.8)

Fasting insulin (μU/ml): (11.4 ± 0.3)

HOMA-β: (35.9 ± 0.9)

HOMA-IR: (3.1 ± 0.1) 0.076

 ≥2.5 738 (41.7) 2.1 (1.1, 3.8)

 < 2.5 848 (58.3) 1.8 (0.9, 3.7)

QUICKI: (5.1 ± 0.006)

Males Median (IQR)

Fasting glucose (mg/dL): (106.3 ± 1.1) 0.62

 ≥100 445 (37.9) 2.0 (1.1, 3.5)

 < 100 352 (62.1) 2.1 (1.1, 4.0)

Fasting insulin (μU/ml): (11.9 ± 0.4)

HOMA-β: (36.8 ± 1.4)

HOMA-IR: (3.3 ± 0.1) 0.15

 ≥2.5 378 (38.1) 2.1 (1.2, 3.6)

 < 2.5 419 (61.9) 2.0 (1.1, 3.9)

QUICKI: (5.1 ± 0.009)

Females Median (IQR)

Fasting glucose (mg/dL): (102.5 ± 1.4) 0.48

 ≥100 329 (37.9) 1.7 (0.9, 3.8)

 < 100 460 (62.1) 2.0 (0.9, 3.7)

Fasting insulin (μU/ml): (11.0 ± 0.5)

HOMA-β: (35.0 ± 1.3)

HOMA-IR: (3.0 ± 0.2) 0.25

 ≥2.5 360 (38.1) 2.1 (1.0, 4.2)

 < 2.5 429 (61.9) 1.7 (0.8, 3.4)

QUICKI: (5.1 ± 0.007)

a
Weighted analyses;

*
P value for ANOVA test involving log-transformed bisphenol-A level with comparisons made across all categories of the covariates;

IQR=Interquartile range; HOMA= Homeostasis Model Assessment; QUICKI= Quantitative Insulin Sensitivity Check Index.
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