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Abstract
Introduction: Obesity is a worldwide public health problem.
Experimental animal and in vitro studies suggest that the
exposure to BPA and phthalates are associated to a higher risk
of obesity. Objective: The objective of the study was to
determine urinary excretion of bisphenol A and phthalates in
obese and normal weight children. Methods: A case-control
study was conducted in 122 children. Sixty-six obese children,
36 girls (mean age 8.41 ± 1.27 years), and 30 boys (mean age
8.51 ± 1.33 years) and 56 normal weight children, 27 girls
(mean age 7.64 ± 1.49 years), and 29 boys (mean age 7.77 ±
1.56 years) were studied. Urinary BPA and bis(2-ethylhexyl)
phthalate (DEHP) metabolites (MEHP, MEHHP, and MEOHP)
were measured, respectively, by gas chromatography and
high-performance liquid chromatography. Individual deter-
minants of exposure were evaluated through “ad hoc”
questionnaires. Results: BPA and DEHP metabolites were
detectable in obese and normal weight children. Obese girls

showed significantly higher BPA concentrations in compari-
son with normal weight girls (means 10.77, 95% CI =
7.02–16.53 vs. 5.50, 95% CI = 3.93–7.71 μg/g creatinine, re-
spectively, p < 0.02). The first step of DEHPmetabolic rate was
significantly higher in obese girls compared with controls (p <
0.05). DEHP metabolites correlated significantly with leptin
concentrations in obese girls (p < 0.03). A higher risk of
obesity was found in children with BPA levels above the
median values with the habit to eat food packaged (OR =
11.09, 95% CI = 1.28–95.78). Conclusions: These findings
show that a higher exposure to BPA is associated with the risk
of obesity in girls. Further studies are needed to unveil the
cause-effect relationship. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

The prevalence of childhood obesity is increasing
worldwide and it is a strong risk factor for developing
comorbidities such as type 2 diabetes mellitus, gall
bladder disease, sleep apnea, high blood pressure, insulin
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resistance, inflammation, breathlessness, metabolic syn-
drome, nonalcoholic fatty liver disease, and gestational
diabetes mellitus in adulthood [1]. Individuals with
obesity have increased risk of coronary heart disease and
stroke, osteoarthritis and gout, impaired fertility, cancers,
cataracts, and back problems [2]. Therefore, the pre-
vention of obesity in childhood is crucial for reducing the
risk of multiple chronic diseases in both adolescence and
adulthood.

Obesity is a complex condition whose pathophysiology
includes genetic, endocrine, psychological, social, and
environmental factors. Endocrine disrupting chemicals
(EDCs), according to the WHO definition, are “exoge-
nous substances or mixtures that alter function(s) of the
endocrine system and consequently causes adverse health
effects in an intact organism or its progeny” (ref IPCS
2002). The exposure to specific EDCs has been related to
the risk of obesity and these chemicals are also called
“obesogens,” predisposing the individuals to obesity and
its metabolic consequences. In experimental models,
obesogens promote obesity by acting to increase adipo-
cyte commitment, differentiation, and size by altering
metabolic set points or altering the hormonal regulation
of appetite and satiety [3, 4]. The obesogenic action of
EDCs seems to be particularly effective when the expo-
sure occurs in early life, consistently with the concept of
the developmental origins of health and disease [5, 6].

Bisphenol A (BPA) is a widespread chemical that is
widely used in polycarbonate plastics, can linings, and
cash register receipts. The chemical structure of BPA
makes it able to fit into the binding site of the estrogen
receptor [7]. BPA has been widely detected in human
serum, umbilical cord blood, breast milk, and urine, with
human exposures occurring through oral, dermal, and
inhalation routes [8]. Consistent evidence on the obe-
sogenic effect of BPA comes from in vitro studies [9, 10];
however, a recent meta-analysis supported the associa-
tion between BPA exposure and obesity in children [11].

Phthalates are chemicals used to impart flexibility in
plastic products (plasticizers) including polyvinyl chlo-
ride to be used in floorings, car interiors, and toys [12].
These substances are also found in several household and
personal care products, including food packaging and
medical devices [12]. Phthalates easily leach from these
products and, thus, are found in indoor air and house
dust [13]. The majority of data supporting the obesogenic
action of phthalates originate from animal and in vitro
studies [14, 15]. There is mounting evidence suggesting a
link between the exposure to phthalates and risk of
obesity [16]. Phthalates exert an anti-androgenic effect
through interaction with peroxisome proliferator-

activated receptor alpha (PPARα) and the reduced an-
drogen activity has been proposed to lead to obesity [17].

The aim of this case-control study, conceived in the
frame of the European Commission (EC)-funded LIFE
PERSUADED project [18], was to assess urinary BPA and
bis(2-ethylhexyl) phthalate (DEHP) metabolite levels in a
group of Italian children with obesity compared with a
group of gender- and age-matched normal weight chil-
dren. The impact of residential environment, lifestyle,
and food habits on BPA and phthalate exposure was
evaluated by ad hoc questionnaires.

Subjects and Methods

This study was conducted in the context of the EC-funded LIFE
PERSUADED project whose main characteristics, aims, and
methodology were previously published [18]. The project was
approved by Ethics Committees of the Istituto Superiore di Sanità
and “Bambino Gesù” Children’s Hospital in Rome, Italy (January
28, 2015, n. 889/2015). Written informed consent was obtained
from participants (or their legal guardian in the case of minors)
prior to enrollment for publication of the details of their medical
case. All data generated or analyzed during this study are included
in this article.

Subjects
In this case-control study, 66 obese prepubertal children (M/F,

30/36) and 56 normal weight children (M/F, 29/27) aged 5–10 years
were recruited in the outpatient clinics of the “Bambino Gesù”
Children’s Hospital (Rome, Italy). Children with idiopathic obesity
were selected according to WHO criteria (ICP 2002). Trained
pediatricians informed parents and children about the study aim
and methodology with the aid of an ad hoc leaflet specifically
produced for this purpose. Parents signed the informed consent
form and they were asked to fill in a structured questionnaire either
in paper or electronic format. For each enrolled subject, an al-
phanumeric code was created to guarantee anonymity. Children
with obesity had a body mass index (BMI) above the 90th percentile
according to the Italian reference standards [19], had no endocrine
or genetic disorders, and did not take any concomitant therapy.
Gender- and age-matched control children had a BMI between the
10th and 75th percentile and no endocrine disorders.

Fasting blood samples for biochemical marker analysis and
urine samples, for measuring BPA and DEHP metabolites levels,
were collected. Enrolled subjects provided first-morning urine
samples and filled in questionnaire/food diaries to pediatrician the
same day of sampling. We chose to collect the first-morning in-
stead of 24-h urine samples, according to the procedure widely
accepted in HBM study, as more suitable especially for children
[20]. The urine samples were stored at −20°C until the shipping
under controlled temperature to the laboratory for chemical
analysis.

Anthropometry
Standing height was measured by a Harpenden stadiometer.

Height, weight, BMI, and growth rate were expressed as z-scores
for chronological age and sex. z-scores were calculated with the
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following formula: z-score = (x – average x)/SD, where x is the
observed measurement, average x is the mean of this measurement
at the relevant age, and SD is the standard deviation from the
mean. Height, weight, and BMI z-scores were calculated using the
national growth standards. The pubertal stage was assessed by
trained pediatric endocrinologists according to Tanner’s
criteria [21].

Metabolic Biomarkers Determination
An oral glucose tolerance test was performed with the ad-

ministration of 1.75 g of glucose solution per kilogram of body
weight to a maximum of 75 g. Blood samples were drawn at 0, 30,
60, 90, and 120 min for measurements of glucose. Plasma glucose
was measured by enzymatic method on a Roche/Hitachi 904
analyzer (Roche Diagnostics, Mannheim, Germany; intra- and
inter-assay coefficients of variation: 0.9 and 1.8%). Total choles-
terol, low-density lipoprotein (LDL) cholesterol, high-density li-
poprotein (HDL) cholesterol, and triglycerides (TGs) were mea-
sured by an enzymatic method (automated clinical chemistry
analyzer Roche/Hitachi 904).

Adiponectin and leptin were determined in serum samples by
commercial Quantikine ELISA (R&D Systems), having a sensi-
tivity of 0.246 ng/mL and 7.8 pg/mL, respectively. Assays were
performed according to the manufacturer’s instructions diluting
serum samples 1:200 for adiponectin determination or 1:50 for
leptin determination. Both kits provided a standard solution of the
hormone to assay and 6 serial twofold concentrations were pre-
pared to derive a standard curve. Each sample and standard di-
lution was assessed in duplicate. At the end of the test, absorbance
was read at 450 nm on a Victor 3 Multilabel Reader (Perkin Elmer,
MA, USA). Unknown hormone concentrations were derived from
each corresponding standard curve by the GraphPad Prism 6.0
software (GraphPad Inc., La Jolla, CA, USA).

Phthalates and BPA Level Determination
The analytical methods for measuring BPA and the DEHP

metabolites mono-(2-ethylhexyl) phthalate (MEHP), 2-ethyl-5-
hydroxy-hexylphthalate (MEHHP), 2-ethyl-5-oxo-hexylph-
thalate (MEOHP) were previously described [22–24]. Briefly, upon
arrival to the CNR laboratory, the urine samples were checked for
integrity, aliquoted in polypropylene tubes (BPA- and phthalate-
free materials) for creatinine, BPA, and DEHP metabolites de-
termination, and stored at −20°C before being analyzed. Addi-
tional aliquots were stored in a biobank (https://www.ifc.cnr.it/
index.php/it/biologia-preclinica/biobanca accessed on October 20,
2021). DEHP metabolite analyses were carried on using UHPLC
1290 infinity coupled with quadrupole time of flight (QTOF) 6540
(Agilent, Santa Clara, CA, USA) and BPA analysis by gas
chromatography/mass spectrometry (GC 7890A coupled with MS
5975 Agilent, Santa Clara, CA, USA) as previously described in
details [23].

Quantification of concentration of DEHP metabolites and
BPA were determined using labelled internal standards and the
analytical method was validated in a proficiency test organized
by the HBM4EU Project within the quality assurance and
quality control program, with good results [23, 25]. BPA and
DEHP metabolite concentrations were normalized to urinary
creatinine concentrations measured by Jaffe’s method (Beck-
man Coulter AU400, Brea, CA, USA) according to the man-
ufacturer’s procedure. Creatinine levels were in the range

0.3–3 g/L in all urine samples included in the study. Limit of
detection and quantification determination and values, back-
ground levels measured in water and urine, reagent blank, spike
recovery, calibration curves, and quality control procedures
have been previously reported [22–24].

Calculation of phthalate relative metabolic rates and percentages
have been previously described [22]. Briefly, RMR1 = ([MEHHP] +
[MEOHP])/[MEHP] represents the rate of hydroxylation from
MEHP to MEHHP; RMR2 = ([MEOHP]/[MEHHP]) ×10 repre-
sents the rate of oxidation of MEHHP to MEOHP. The ratio of the
molar concentration of each metabolite to the sum of all the me-
tabolites is the percentage fraction of each metabolite.

Questionnaire and Food Diary
Parents of each enrolled children filled in a structured ques-

tionnaire and a food diary of the 2 days before the urine sampling
[18]. Questionnaires provided information on residential envi-
ronment, lifestyle, and food habits including specific questions
concerning the handling, cooking, and storage of the food items
consumed, in order to consider any potential source of BPA and
phthalate exposure. Both paper and electronic versions of the
questionnaires were made available to pediatricians and parents.
Questionnaire data filled in paper format were entered by pro-
fessionals in the electronic form to store the overall data and
transfer them to a centralized database. Quality control of the data
entry on both questionnaires and diaries was performed to ensure
the completeness and the quality of data.

Statistical Analysis
Data analysis was performed using Stata ver14.2 (StataCorp,

Lakeway Drive College Station, TX, USA) setting significance at
p < 0.05 for all the statistical tests performed. Due to non-
normality of the distributions, non-parametric Mann-Whitney
and Kruskal-Wallis tests (with Dunn’s post hoc evaluation
where applicable) were used to assess statistical differences
between cases and controls. Differences between means in the
different groups were assessed using general multivariate re-
gression model MANOVA and Bonferroni’s post hoc test.
Multivariable logistic analysis was performed to assess the
relationships between metabolic and auxological (height,
weight, and BMI) parameters, lifestyle or food habits, and
urinary excretion of BPA and DEHP metabolites (expressed as
creatinine-adjusted value or molar percentages). The study
design matched by age and sex of cases and controls, but due to
the statistically significant correlation between age and BMI, all
the analyses included age as a covariate. The variable age was
categorized in “0” for children 5–7 years old and “1” for
8–10 years old. For odd ratios (ORs), estimation of exposure to
BPA or DEHP, continuous variables of the detected levels,
adjusted for creatinine content, or molar percentages were
transformed in categorical variables with “0” if <50° percentile
(median) and “1” if ≥50° percentile. To evaluate the correlation
between obesity, internal exposure to BPA, and the sum of
DEHP metabolites and the other explanatory covariates as
questionnaires and data from food diaries, all the logistic
models included as covariates the categorized variables related
to BPA and DEHP levels. Only in models with statistical
positive association (OR > 1) between BPA or DEHP categorical
variables and obesity, the association with the other covariates
was considered.
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Results

Clinical Characteristics
The clinical characteristics of obese and normal weight

children for each sex are reported in Table 1.

BPA and Phthalates Levels
BPA and DEHP metabolites MEHP, MEHHP, and

MEOHP were detected in all urine samples. The
creatinine-adjusted levels, including the sum of the
DEHP metabolites, stratified by sex and health condition,
are summarized in Table 2. Obese girls showed signifi-
cantly higher urinary BPA levels compared to normal
weight girls (Fig. 1).

No significant difference was seen for the sum of
DEHP metabolites. However, the first step of DEHP
metabolic rate, RMR1, involving the transformation from
MEHP to MEHHP, was significantly higher in obese
compared to control girls. Accordingly, also the per-
centage of MEHPmolar concentration with respect to the
other metabolites was significantly lower in obese girls
than in control girls with a parallel increased percentage
of MEHHP fraction, although not significant (p =
0.0984).

No significant differences were observed for the levels
of BPA and the sum of DEHP metabolites between obese
and control boys. However, significantly lower MEHP
levels were observed in boys with obesity compared to
matched controls. No difference in the phthalate meta-
bolic rates and molar percentages was observed.

The multivariable regression model, adjusted for age,
showed an OR for the obese girls of having BPA above the
50° percentile 4.03 higher than the controls (95% con-
fidence intervals [CI] = 1.32–12.29; p = 0.014). An inverse
association withMEHPwas observed in boys with obesity
(OR = 0.1940, 95% CI = 0.056–0.6716; p = 0.010)
meaning they have a risk 5.16 times higher to haveMEHP
levels below the median. Thus, both models confirm the
results of the univariate correlation analysis.

Metabolic Biomarkers
Table 3 summarizes the serum levels of the metabolic

parameters in obese and normal children. Both girls and
boys with obesity were characterized by significantly lower
concentrations of HDL cholesterol and significantly in-
creased concentrations of leptin and triglycerides/HDL ratio
in comparison with sex- and age-matched controls
(Table 3). Obese boys showed significantly lower concen-
trations of total cholesterol and adiponectin. In obese
children, adiponectin/leptin (Adpn/Lep) ratio was signifi-
cantly lower in comparison with healthy controls (Table 3).

Table 4 shows the relationship between levels of
plasticizers and metabolic parameters. In obese girls, BPA
levels were not associated to a worse lipid profile given
that BPA correlated negatively with LDL cholesterol and
DEHP metabolites correlated positively with HDL cho-
lesterol. DEHP metabolites showed positive association
with leptin and negative association with adiponectin and
Adpn/Lep ratio (Table 4). In obese boys, BPA positively
correlated with LDL cholesterol and negatively with
Adpn/Lep ratio (Table 4).

Questionnaire and Food Diary
The analysis of the association between BPA or DEHP

metabolite exposure and their possible determinants, as
derived by the questionnaires and food diaries, showed
limited significant associations. In particular, the habit to
eat food packaged in plastic was associated with the risk of
obesity only when considering BPA levels above the
median, having the exposed to food packaged in plastic
11.09 times (95% CI = 1.28–95.78; p < 0.05) the risk
(odds) of being obese than those not exposed, irrespective
of the sex. Although the association was no more sig-
nificant stratifying by sex, this is probably due to the small
number of subjects in each group.

Discussion

The major findings of this study are that urinary BPA
concentration, expressed as creatinine-adjusted value, is
significantly increased in girls with obesity, with an OR of
4.03, and that DEHP metabolism is deranged in children
with obesity, especially in girls. The finding of increased BPA
concentrations in obese girls is further confirmed by com-
paring these levels with the recent reported human bio-
monitoring data of Italian normal weight children matched
for age and sex (reported on IPCheM: the Information
Platform for Chemical Monitoring https://ipchem.jrc.ec.
europa.eu/index.html#showmetadata/LIFEPERSUADED;
https://ipchem.jrc.ec.europa.eu/) [22, 24]. Moreover,
this finding is consistent with the results of a recent survey
on 1,860 children aged 8–19 years who participated in the
2003–2006 National Health and Nutrition Examination
Survey (NHANES). This cross-sectional survey had com-
plete data on both urinary BPA concentration and body
composition measured by dual-energy X-ray absorptiom-
etry and showed that higher BPA levels were associated with
increased fat mass in girls but not in boys [26].

Previous studies provided conflicting results. Trasande
et al. [27], after analyzing a cohort of 2,838 children aged
6–19 years from the 2003–2008 NHANES, reported a
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significant positive association between urinary BPA and
BMI in both girls and boys. Conversely, in a study carried
out in eastern China, no difference in urinary BPA con-
centrations between normal weight and obese children was
observed [28]. A recent meta-analysis has reported sixteen
studies conducted in children and adolescents. Ten of
them showed a positive association between exposure
to BPA and obesity. Interestingly, three studies indicated
that the association was significant in girls only [29].

We investigated the association between urinary levels of
BPA and DEHP metabolites with markers of lipid meta-
bolism (LDL and HDL cholesterol) and adipose tissue
dysfunction (low adiponectin and high leptin) [30]. We
observed different correlations between BPA levels and
metabolic parameters in children with obesity. In particular,
girls and boys displayed opposite correlations with LDL

cholesterol. Interestingly, we found a significantly lower
Adpn/Lep ratio in children with obesity compared with
healthy controls. Both high leptin and low adiponectin have
been related to increased cardiometabolic risk [30]. Thus,
the Adpn/Lep ratio has been proposed as a marker of
adipose tissue dysfunction. This biomarker correlates with
insulin resistance better than adiponectin or leptin alone,
being significantly reduced in patients with the metabolic
syndrome. The Adpn/Lep ratio has been proposed as a
predictive marker for the metabolic syndrome [31]: an
Adpn/Lep ratio of ≥1.0 can be considered normal, between
0.5 and 1.0 suggests moderate-medium increased risk, and
less than 0.5 indicates a high cardiometabolic risk. In our
study population, obese girls had an Adpn/Lep ratio be-
tween 0.66 and 1.61 (interquartile range) and obese boys
between 0.85 and 1.73, significantly lower than in the

Table 1. Clinical characteristics of obese and control children

Control girls
(n = 27)

Obese girls
(n = 36)

p value Control boys
(n = 29)

Obese boys
(n = 30)

p value

Age, years 7.64±1.49 8.41±1.27 <0.0001 7.77±1.56 8.51±1.33 <0.0001
Weight, kg 26.70±7.66 49.45±12.19 <0.0001 24.50±6.16 50.05±10.37 <0.0001
Weight, SDS −0.16±1.33 2.01±0.57 <0.0001 −0.34±1.38 2.10±0.65 <0.0001
Height, cm 123.72±10.91 136.16±10.89 <0.001 122.14±11.46 137.64±9.25 <0.001
Height, SDS 0.064±1.43 1.19±0.85 <0.0001 −0.2±1.6 1.02±0.95 <0.0001
BMI kg/m2 17.06±2.23 26.27±3.58 <0.001 16.18±1.66 26.22±3.55 <0.001
BMI, SDS −0.09±0.89 2.02±0.41 <0.0001 −0.07±2.35 2.06±0.53 <0.0001

Values are expressed as mean ± SD. p value <0.05.

Table 2. BPA and DEHP metabolites urinary levels adjusted for creatinine content (expressed as µg/g creatinine) in obese and
control children

Girls Boys

control (N = 27) obese (N = 36) p value controls (N = 29) obese (N = 30) p value

GM 95% CI GM 95% CI GM 95% CI GM 95% CI

BPA 5.50 3.93–7.71 10.77 7.02–16.53 0.0151 9.15 5.79–14.47 9.54 6.63–13.75
MEHP 8.75 7.08–10.83 8.41 6.18–11.43 6.81 5.36–8.66 4.58 3.75–5.59 0.0066
MEHHP 13.19 7.04–24.73 23.25 16.29–33.17 21.84 15.89–30.00 16.80 12.50–22.57
MEOHP 5.20 4.00–6.75 6.42 4.62–8.93 4.88 3.71–6.43 4.57 3.45–6.06
Σ phthalates 32.52 24.57–43.06 41.04 29.93–26.29 34.99 26.45–46.28 27.08 20.90–35.09
RMR1 2.32 1.65–3.26 3.38 2.55–4.49 0.0470 3.77 2.96–4.79 4.49 3.49–5.77
RMR2 3.97 2.40–6.57 2.78 2.44–3.17 2.25 1.86–2.72 2.74 2.35–3.20
%MEHP 27.90 22.50–34.60 21.34 17.67–25.76 0.0470 20.32 16.83–25.54 17.65 14.40–21.64
%MEHHP 39.74 25.99–60.74 55.80 49.57–62.82 61.58 57.09–66.42 61.26 57.74–65.00
%MEOHP 15.77 13.78–18.05 15.51 13.78–17.47 13.86 12.02–15.97 16.78 14.77–19.07

RMR and molar percentages of DEHP metabolites are also shown. Values are geometric means (GM) and 95% confidence
intervals (CI).
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control normal weight groups that had amedian of 3.65 and
7.92 in girls and boys, respectively (Table 3). It is note-
worthy that Adpn/Lep ratio was negatively associated with
the sum of DEHP metabolites in obese girls and with BPA
in obese boys (Table 4).

The gender-specific effects of perinatal BPA exposure on
adipose tissue deposition were previously reported in ani-
mal models, females being more susceptible to BPA effects
[32–34]. However, themechanisms by which BPA increases
body weight and adipose tissue mass and its gender-specific
effect have not been elucidated yet. Pu et al. [35] have
recently investigated the effects of gestational BPA exposure
and its analog, bisphenol S, on the adipogenic differenti-
ation ability of fetal preadipocytes in pregnant sheep ex-
posed from days 30 to 100 of gestation, demonstrating that
BPA stimulated adipogenic differentiation of preadipocytes
in female but not in male offspring. This effect was asso-
ciated with up-regulation of the unfolded protein response
pathway, suggestive of an increased expression of estrogen
receptor and glucocorticoid receptor in female pre-
adipocytes. These changes may be the underlying causes of
BPA gender dimorphism. Indeed, the finding that urinary
BPA concentrations are increased only in obese girls may be
explained by the estrogen-like actions of BPA. Girls with
higher BPA levels show an increased risk of early onset of
puberty, which is often associated with childhood obesity
[36]. However, the wide CI range in obese girls indicates a
high individual variability of BPA exposure with a large

group of outliers making the difference with the normal
weight girls. This finding suggests that exposure to BPA
may be obesogenic only in a subgroup of obese girls (ge-
netically predisposed). Overall, our findings suggest a higher
susceptibility of females to BPA and, potentially, a higher
risk to develop obesity and its consequences in adulthood.

However, only few studies reported data on metabolic
markers in relation to BPA exposure in children with
obesity. Menale et al. [37] reported a negative association
between BPA and adiponectin gene expression in chil-
dren with obesity, irrespective of the gender, whereas a
positive association between BPA exposure and leptin
was found in normal weight peripubertal boys [38]. LDL
cholesterol was found positively associated with BPA in
large adult cohorts [39, 40], whereas no association was
found in both children and adults in a meta-analysis of
NHANES studies [41]. However, both studies evaluated
data of the general population not stratified for obesity
and gender.

No significant differences in the sum of DEHP me-
tabolites were observed between obese and normal weight
children, whose levels of exposure fell into the back-
ground levels measured in Italian children population
during the HBM study [22, 24]. However, we found that
obese girls transform more efficiently MEHP to MEHHP
compared to control girls, thus having higher RMR1 and
a lower relative MEHP percentage. Similarly, boys with
obesity had lower urinaryMEHP levels than age-matched
controls but with no concomitant imbalance of the
secondary metabolites. We also observed several positive
correlations between DEHP metabolites or their molar
percentages and glucose, HDL cholesterol, and leptin but
only in girls with obesity. A lower MEHP/MEHHP
concentration ratio was observed in prepubertal girls with
obesity [11], with a parallel association between higher %
MEHHP and increased BMI, waist circumference, body
fat percentage, and insulin resistance index (HOMA-IR).
The results were further confirmed in a recent report
showing that lower MEHP levels and higher secondary
metabolites levels, as well as RMR1, were associated with
obesity in both girls and boys [42]. Positive associations
between MEHHP and MEOHP metabolites and markers
of glucose metabolism or HOMA-IR were observed also
in the general population and children [43, 44]. Our
results confirm that the imbalance in the first step of
DEHP metabolism, with a shift toward secondary me-
tabolites, is associated with obesity [42].

Many experimental studies carried out on animal models
showed an association between the exposure to phthalates
and increased adiposity. However, human studies on the
impact of the exposure to phthalates on obesity are limited

Fig. 1. BPA concentrations in obese girls (n = 36) and controls (n =
27). Values are expressed as means ± SD. *p < 0.05.
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andmainly focused on fetal exposure and subsequent risk of
obesity in childhood [2, 10, 45]. More recently, a study
conducted on 2,372 children (NHANES 2005–2010) has
shown that monoethyl phthalate and mono-isobutyl
phthalate were positively associated with obesity (OR
1.28 and 1.42, respectively) [46]. In the above-cited meta-
analysis reporting seven studies conducted in children, an
overall positive association between exposure to phthalates
and obesity was found [29].

The multivariable analysis on the determinants of
exposure and the risk of obesity showed that the only
significant association was between BPA and the
children habit to eat food packaged in plastic. However,
this association was not observed analyzing data by
gender. In students aged 3–24 years, those drinking in
plastic bottle or cups had higher BPA levels than those
drinking in ceramic cups [47]. In two dietary inter-

ventions in families where food packaged in plastic was
eliminated by the diet for 3 days, or 2 months, 66% and
100% reduction of BPA urine levels were observed,
respectively [48, 49]. In a study of duplicated diet, the
urinary level of BPA in the group of individuals fol-
lowing a diet based on canned foodstuffs was re-
markably higher than those following a BPA-free diet,
made of fresh foodstuffs and food products packed in
glass containers and other BPA-free materials [50]. Our
data [51] support the concept that canned foodstuffs
and food packed in plastics may represent one of the
most relevant sources of dietary BPA exposure.

In conclusion, higher urinary BPA concentrations and
altered DEHP metabolism was found in obese girls
compared to girls with normal weight, but not in obese
boys, indicating a sex-specific effect. High urine BPA and
DEHP levels may be considered as possible biomarkers of

Table 4. Significant pairwise correlations in girls and boys with obesity

Obese girls Glucose HDL LDL Leptin Adiponectin Adipo/Lep ratio

BPA −0.4784 0.0156
MEHHP 0.4373 0.0225 0.3723 0.0276 −0.3457 0.0420
MEOHP 0.4841 0.0105
Σ phthalates 0.4939 0.0088 0.3588 0.0343 −0.3266 0.0555
%MEHP 0.3266 0.0555
%MEHHP 0.3504 0.0422 0.4443 0.0075 −0.4157 0.0130
%MEOHP 0.4274 0.0117 −0.3599 0.0337
Obese boys

BPA 0.4261 0.0337 0.3714 0.0516 −0.3993 0.0391

Values are rho Spearman’s coefficient and p values.

Table 3. Metabolic parameters in serum of obese and control children

Control girls
(N = 27)

Obese girls
(N = 36)

p value Control boys
(N = 29)

Obese boys
(N = 30)

p value

Glucose, mg/dL 82 (78–85) 82.5 (78–88) 84 (77–88.5) 82.5 (77–88)
Total cholesterol,
mg/mL

148 (137–171) 143 (132–165) 169 (151–172) 149 (140–163) 0.0294

HDL cholesterol,
mg/mL

61 (52–70) 45 (40–55) 0.0004 60 (56–74) 50 (42–54) 0.0051

LDL cholesterol,
mg/mL

85 (75–101) 93 (77–110) 84 (75–106) 93 (76–107)

TGs, mg/dL 58 (48–82) 80 (61–99) 52 (48–68) 65 (50–85)
TGs/HDL ratio 1.05 (0.56–1.35) 1.78 (1.08–2.09) 0.0141 0.83 (0.69–1.16) 1.27 (0.94–1.71) 0.0186
Leptin, ng/mL 4.83 (4.16–9.97) 17.93 (10.31–31.58) <0.0001 2.45 (1.82–5.07) 14.98 (8.19–18.46) <0.0001
Adiponectin, mg/mL 21.77 (15.95–35.02) 19.95 (12.54–26.78) 24.13 (16.22–30.04) 15.48 (10.79–22.48) 0.0165
Adpn/Lep ratio 3.65 (1.64–7.87) 0.89 (0.66–1.61) <0.0001 7.92 (4.13–13.24) 1.24 (0.85–1.73) 0.0002

Values are median with interquartile range (25th–75th percentile).
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effect in the exposure-health impact relationships, thus
deserving further investigations. Prospective longitudinal
studies are needed to clarify the clinical relevance of
exposure to these plasticizers during childhood as risk
factor for obesity.
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