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Urinary bisphenol A levels in Turkish
girls with premature thelarche
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and B Koçer-Gumusel3

Abstract
There is a growing concern over the timing of pubertal breast development and its possible association with
exposure to endocrine disrupting chemicals (EDCs), such as bisphenol A (BPA). BPA is abundantly used to
harden plastics. The aim of this study was to investigate the relation between premature thelarche (PT) and
BPA by comparing the urinary BPA levels of PT girls with those of healthy subjects. Twenty-five newly
diagnosed nonobese PT subjects (aged 4–8 years) who were admitted to the Pediatric Endocrinology Depart-
ment at Akdeniz University were recruited. The control group composed of 25 age-matched girls without PT
and other endocrine disorders. Urinary BPA levels were measured by high pressure liquid chromatography.
The median urinary concentrations of BPA were found to be significantly higher in the PT group compared to
the healthy control group (3.2 vs. 1.62 mg/g creatinine, p < 0.05). We observed a weak positive correlation
between uterus volume and urinary BPA levels. There was a weak correlation between estradiol and urinary
BPA levels (r ¼ 0.166; p ¼ 0.37); and luteinizing hormone and urinary BPA levels (r ¼ 0.291; p ¼ 0.08) of PT
girls. Our results suggest that exposure to BPA might be one of the underlying factors of early breast
development in prepubertal girls and EDCs may be considered as one of the etiological factors in the devel-
opment of PT.
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Introduction

Puberty is a critical period of life and it causes dra-

matic physiologic and psychological changes. A

recent decline in the onset of puberty has been

observed particularly among girls, first in the United

States in the mid-1990s and now also in Europe. Early

breast development is especially prevalent during the

first year of life, when the gonadal axis is usually

active.1 Premature thelarche (PT) is defined as “early

breast development in girls” and is frequently

regarded a benign condition that disappears without

influencing stature growth and the timing of puberty.

In the last decade, the development of breast tissue in

girls occurs at a much younger age and the incidence

of PT is rising.

There are not clear numbers for the prevalence of

PT and precocious puberty (PP) in Europe and also in

Turkey. In Istanbul, the biggest city of Turkey, the

prevalence of PT and PP were found to be 8.9%

(73 of 820 girls) and 4.3% (35 of 810 girls), respec-

tively.2 In a US study, the incidence rate of PT in the

period 1940–1984 was 2.1 per 10,000 person years.3

A population-based study performed in Minnesota

found an incidence of 20.8 in 100,000 for PT, with

60% of cases presenting in the first 2 years after birth

and a less pronounced incidence peak at ages 5–7

years.4 Another study performed in the United States
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found a prevalence of 2.1% among 3-year-old

African-American and 0.7% among Caucasian girls.

De Vries et al. (2010) and Pasquino et al. (1995)

reported that 13% and 14%, respectively, of girls with

PT progressed into PP.5,6 Curfman et al. (2011)

recruited 318 girls (aged 12–48 months) to a study

performed in Ohio, United States. They found that the

overall prevalence of PT was 4.7%. The prevalence

was the highest among White Hispanics (6.5%). The

peak prevalence was observed between 12 months

and 17 months of age. All PT cases were found to

be Tanner stage 2. Upon follow-up, 44% of the cases

of PT had persistent breast development.7 PT is a self-

limiting condition in the majority of girls, but it may

progress into PP in a subset of girls.6–8

PT is generally considered a phenomenon of endo-

genous origin; but several factors, like genetic predis-

position, psychosocial and socioeconomic conditions,

nutrition, ethnicity, and increasing prevalence of adip-

osity, may contribute to this phenomenon. Moreover,

different environmental factors are also likely to be

involved. The widespread presence of endocrine dis-

rupting chemicals (EDCs), in particular, estrogen-like

EDCs (EEDCs), is suspected to contribute to the trend

of earlier pubertal onset and early breast development.9

The similar molecular structure of most of the

EEDCs and estrogen is suggested to be the underlying

factor of their effects on endogenous hormone balance.

In addition, EEDCs can cause various health defects

related to disorders of male reproductive tract,10–15

reproductive disorders of female like disorders of the

ovary and uterus, and breast cancer.16,17 The effects of

EEDCs are prominent, particularly during puberty.18

Today’s life is inconceivable without plastics.

Bisphenol A (BPA) is used to harden plastics. BPA

is considered as an EEDC with high abundance in the

environment and is used in the production of polycar-

bonate plastics and epoxy resins used in many con-

sumer products. There is evidence that BPA functions

as a xenoestrogen by binding to estrogen receptor

a (ERa), ER�, and strongly to ERRg.19–23 Though

there are controversial results on the effects of BPA

on sexually dimorphic character, puberty, fertility,

and abnormal genital development of female rats,

there is also evidence that BPA causes weight gain

which is frequently associated with reproductive dys-

function and early onset of puberty and early breast

development both in animals and humans.24–26

Based on this background and taking into account

the frequency of high BPA exposure in humans, par-

ticularly in young children, this study aimed to

investigate the relation between PT and BPA by

comparing the urinary BPA levels of PT girls with

those of healthy subjects.

Materials and methods

Subjects

The current study was designed as a case-control

study and approved by Akdeniz University’s ethical

committee. It was conducted between September

2010 and February 2012 in the outpatient clinic of

Pediatric Endocrinology, Akdeniz University. All of

the subjects in both the control and study groups

voluntarily participated in the study. A written con-

sent was obtained from their parents.

Subjects recruited in the study were grouped as

follows:

1. Newly diagnosed girls with PT (n ¼ 25) were

recruited in the study. These girls were admit-

ted to the outpatient clinic of Pediatric Endo-

crinology for their complaint of enlargement of

breasts before the age of puberty. The inclusion

criteria were: (a) PT is defined as isolated

breast development in girls before the age of

8; (b) age: 4–8 years (patients younger than

4 years were not recruited in the study because

of difficulty to obtain the urine samples and

risk of contamination of the special bottles);

(c) no advancement of bone age >1 year above

the chronological age. The PT group was fol-

lowed up regularly in the pediatric clinic for at

least 12 months and showed breast develop-

ment alone without other progression of

puberty. Gonadotropin-releasing hormone sti-

mulation test (Gonadorelin acetate, Ferring®)

was performed on girls with the diagnosis of

PT to exclude the central PP.

2. The control group comprised of 25 completely

healthy girls of comparable age with no history

of PT and any other endocrine disorder and no

secondary sexual characteristics in their phys-

ical exam. All girls in the control group had no

history of any other chronic or acute patholo-

gical condition (i.e. diabetes, metabolic syn-

drome and/or obesity, hypertension, cancer,

etc.). The control group was recalled 1 year

later for evaluating pubertal development.

All controls and subjects with PT were born, still

living in Antalya Province and were examined by the
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same pediatrician, who is a child endocrinologist with

a background of both pediatrics and endocrinology.

Clinical evaluations included measurement of height

and body weight. The body mass index (BMI) of the

study subjects were calculated and obesity was

defined as BMI >95th percentile according to national

standards.27

The exclusion criteria for PT group were:

� Girls who were diagnosed with PP or who had a

family history of PP, who were using estrogen

containing pills or creams and who had benign

non-progressive PT were not recruited.

� Obese patients and controls were excluded

from the study.

� Pelvic ultrasonography (USG) findings were

evaluated in all PT group girls to exclude

organic lesions, such as ovarian cysts.

The exclusion criteria for control group were:

� Girls having pubertal signs (PT, PP, premature

pubarche, etc.) at their second consultation

were excluded from the study.

Spot urine samples from control group and subjects

with diagnosis of PT were collected into deplasticized

glass beakers. Samples were aliquoted in deplasticized

glass bottles and kept at�20�C for 2 months. Extreme

caution was taken in order not to contaminate the sam-

ples with plastic material. All the urine samples were

transferred to Hacettepe University, Faculty of Phar-

macy, and Department of Toxicology on dry ice for the

determination of BPA levels. Analysis was performed

in 1–2 months after receiving the samples.

Deplasticization of the glassware

In order to prevent the contact with plastic material,

special attention was given throughout the present

study. All the glasswares were deplasticized with a

mixture of tetrahydrofuran and n-hexan (50:50, v/v)

for 2 h and later dried. All the test tubes were deplas-

ticized on a heater at 400�C for 4 h.

Chemicals and reagents

Chemicals were purchased from Sigma-Aldrich (St.

Louis, Missouri, USA). Glucuronidase/aryl sulfatase

enzyme (from Helix pomatia) was obtained from

Roche (Mannheim, Germany). All high pressure

liquid chromatography (HPLC) equipment were from

Agilent (Santa Clara, California, USA).

Measurement of hormones

Serum estradiol levels were measured by electroche-

miluminescence immunoassay using a commercial

kit (Roche, Mannheim, Germany). The limit of

detection (LOD) for estradiol was �5 pg/mL.

Measuring range of the kit was 5–3000 pg/mL. Cali-

bration was performed on two points. Quality control

was used for each batch measurement. Recovery

value was 99.1% + 4.2%.

Serum free T4 (fT4) and thyroid-stimulating hor-

mone (TSH) levels were measured by chemilumines-

cence microparticle immunoassay using DiaSorin

Liaison chemiluminescence immunoassay (CLIA)

kits (Stillwater, Minnesota, USA) on a DiaSorin Liai-

son CLIA Analyzer (Stillwater, Minnesota, USA).

The LOD values were 0.29 ng/dL for fT4 and 0.02

mIU/L for TSH. Measuring range of fT4 and TSH

kits were 0.29–7.7 ng/dL and 0.02–90 mIU/mL,

respectively. Calibrations were performed on two

points for both of the kits. Quality controls were used

for each batch measurement for fT4 and TSH. Recov-

ery values were 98.4% + 3% for fT4 and 100% +
%1.1 for TSH.

Serum luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) in plasma were measured

by enzyme-linked immunosorbent assay using com-

mercial kits (Abcam, Cambridge, Massachusetts,

USA). The LOD values were 1.4 mU/mL for FSH and

0.09 mU/mL for LH. Measuring range of FSH and LH

kits were 2.5–300 mU/mL and 0.22–300 mIU/mL,

respectively. A blank and seven standards (1.5, 2.5,

5, 15, 50, 100, and 200 mU/mL) were used to obtain

a typical standard curve for FSH. A blank and seven

standards (0.1, 1, 2, 2.5, 5, 25, 50, 100, and 200

mIU/mL) were used to obtain a typical standard curve

for LH. Quality controls were used for each batch

measurement for fT4 and TSH. Recovery values were

98.1 + 3.00% for FSH and 97.00% + 3.58% for LH.

Analysis of urinary BPA levels

Extraction of BPA from urine. The method of Yang et al.

(2003) was used with some modifications for the anal-

ysis of urinary BPA. After spiking urine (500 mL)

with BPA (5 ng/mL), sodium acetate buffer (200 M,

pH 5) and glucuronidase/aryl sulfatase was added.

The mixture was incubated for 3 h at 37�C to obtain

free BPA. Later, HCl (2 N, 100 mL) and ethyl acetate

(5 mL) were added and the mixture was centrifuged at

3000 r/min. The supernatant (2.5 mL) was then
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evaporated under nitrogen stream. Residues were kept

at �20�C until analysis.28

Chromatographic analysis

At the day of analysis, residues were dissolved in 60%
acetonitrile (400 mL), and 100 mL of the dissolved

residue was injected to HPLC (Hewlett-Packard

Agilent 1100 series, Santa Clara, California, USA).

HPLC parameters were as follows: C18 column

(25 cm � 5 mm � 4.6 mm i.d.); column temperature

(25�C); fluorescence detector (�exitation ¼ 230 nm,

�emission ¼ 315 nm).

Mobile phase was acetonitrile: tetrahydrofuran

(2.5%). Gradient elution was used as 60:40–5:95. The

flow rate of the mobile phase was 0.4 mL/min. The

retention time was recorded to be between 18.3 and

19.2 min with an analysis duration of 40 min.

The LOD value was calculated according to the

method of the United States Environmental Protection

Agency (EPA)29 and it was 0.5 ng/mL. The limit of

quantitation was 1.25 ng/mL.

BPA standards used were 1.25, 2.5, 5, 10, 25, 50,

and 100 ng/mL. The urinary BPA levels were calcu-

lated using the standards and the peak heights

obtained from the chromatogram. After spiking urine

samples with 5 ng/mL of BPA, recovery studies were

performed. The average recoveries were found to be

(mean + standard deviation (SD)) 97.37 + 1.23% on

ten occasions. Between-run precision was 2.76 +
0.24% and within-day precision was 2.63 + 1.23%.

Urinary creatinine concentrations were analyzed

simultaneously according to Jen et al. (2000) with

slight modifications. The urinary BPA concentrations

were adjusted by urinary creatinine concentrations.30

Primary and secondary endpoints

The primary endpoint of this study was to compare

the urinary BPA levels of PT patients and healthy

controls. The secondary endpoints of the study were

to compare the urinary BPA levels in girls with PT

with regard to breast development, to determine the

correlations between urinary BPA levels and pelvic

USG findings and to correlate the urinary BPA levels

and sex hormones in girls with PT.

Statistical analysis

Predictive Analytics SoftWare (PASW, Quarry Bay,

HK) statistics release was used for statistical analysis.

The distribution of BPA values was analyzed using

the Shapiro–Wilk test. For the comparison of BPA

levels in girls with PT with regard to breast develop-

ment, Kruskal–Wallis test was used. The comparison

between two parametric values was performed using

Student’s t test and for nonparametric values Mann–

Whitney U test was used. The correlations between

urinary BPA levels and sex and thyroid hormones

were determined using the Spearman’s � correlation

test. p < 0.05 was accepted as significant. The results

were given as mean + SD. Besides, median (min–

max) values were also shown.

Results

Subjects

The clinical characteristics of the patients with PT and

the control group are shown in Table 1. There were no

statistically significant differences between the ages

and BMIs of the groups.

Hormone levels

The reference range of estradiol levels from birth to

11 years is <20–53 pg/mL. In girls with PT, basal

estradiol levels were 10.25 + 6.58 pg/mL.31

In healthy girls, the LH reference range from birth

to 13 years is <1–3.3 IU/L. For girls with PT, we

anticipated that basal LH levels should be close to

zero and we found that basal LH levels were 0.11

+ 0.03 IU/L, as expected. The reference FSH levels

for girls from birth to 8 years is <1–7.1 IU/L. Basal

FSH levels in PT patients were 1.72 + 0.79 IU/L.31

Pediatric TSH levels from 1 month to 18 years of age

are expected to be 0.46–5.8 mIU/L. TSH levels in PT

patients were 2.34 + 0.93 mIU/L. Pediatric fT4 levels

from 1 year to 10 years of age are expected to be 0.46–

5.8 mIU/L.32 TSH levels in PT patients were 2.34 +
0.93 mIU/L, while fT4 levels were 1.35 + 0.15 ng/dL.

All hormone levels were in normal ranges in the

healthy controls.

Table 1. The age and BMI of control and PT groups.a

Control (n ¼ 25) PT (n ¼ 25) p

Years 6.64 + 0.88 6.83 + 0.95 0.45
BMI 16.06 + 2.07 16.3 + 1.8 0.66

BMI: body mass index; PT: premature thelarche.
aResults are given as mean + SD. p < 0.05 is considered as
statistically significant. There were no significant differences
between ages of control and PT groups. There were no marked
differences between BMIs of control and PT groups.
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Urinary BPA levels

Urinary BPA levels were markedly higher in the PT

group versus control (p ¼ 0.02) [median: 3.21 (0.3–

45.14) and 1.62 (0.3–25.79) mg/g creatinine (OR ¼
1.77, 95% confidence interval (CI): 1.03–3.04, p ¼
0.03)] (Figure 1).

Median BPA levels in girls with PT with regard

to breast development is given in Table 2. There

were no differences in the urinary BPA levels of

PT girls with pain and no pain in the breasts (3.21

vs. 3.64; p ¼ 0.92). Besides, breast development

timing did not affect BPA levels (p ¼ 0.27). More-

over, there were no statistically significant differ-

ences between the urinary BPA levels of girls who

had one-sided or two-sided breast development

although girls with two-sided breast development

had almost 30% more urinary BPA levels compared

to girls who had one-sided breast development (3.15

vs. 4.45, p ¼ 0.70).

The correlations between urinary BPA levels and

pelvic USG findings are given in Table 3. We

observed a weak, insignificant positive correlation

between the uterus volume and urinary BPA levels.

The correlations between urinary BPA levels and hor-

mones are shown in Table 4. We did not find any

significant correlation between the urinary BPA lev-

els of PT girls and the measured hormones. However,

there was a weak correlation between estradiol and

urinary BPA levels (r¼ 0.166; p¼ 0.37); and LH and

urinary BPA levels (r ¼ 0.291; p ¼ 0.08) of PT girls.

Discussion

Throughout the globe, a secular trend toward an

increasing prevalence of PT and PP is observed in

girls aged between 4 years and 8 years.33,34 There is

limited available information for the reasons of high

PT occurrence. Childhood exposures to EEDCs

(present in plastics, food, pesticides, and baby prod-

ucts) were suggested to be one of the underlying

factors for PT.35–38

BPA is an EEDC, used as the building block of

polycarbonate plastics, which are present in reusable

baby bottles and water bottles, and in the inner lining

of food cans.39 Particularly at high temperatures, this

compound leaches into food and therefore, food con-

sumption is suggested to be the primary exposure

Figure 1. Urinary BPA levels in PT and control groups.
BPA: bisphenol A; PT: premature thelarche.

Table 2. Median BPA levels in girls with PT with regard to
breast development.

n

PT group, urinary
BPA levels

(mg/g creatinine),
median (min–max) p

Breast development time 0.27
Last 1 month 9 3.21 (1.03–31.47)
Last 2–4 months 11 4.58 (0.75–45.4)
>4 months 5 2.59 (0.3–7.1)

No pain in the breast 6 3.64 (1.7–11.4) 0.92
Pain in the breast 19 3.21 (0.3–45.4)
Breast tissue development 0.70

One side 6 3.15 (1.44–26.32)
Both sides 19 4.45 (0.3–45.4)

BPA: bisphenol A; PT: premature thelarche.

Table 3. The correlations between urinary BPA levels and
pelvic USG findings in PT group.

� p

Right ovary volume 0.02 0.92
Left ovary volume �0.15 0.46
Uterus volume 0.52 0.13

BPA: bisphenol A; USG: ultrasonography; PT: premature the-
larche; �: Pearson’s correlation coefficient.

Table 4. The correlations between urinary BPA levels and
hormones in PT group.

� p

LH 0.291 0.08
FSH 0.05 0.77
Estradiol 0.166 0.37
TSH 0.097 0.58
fT4 0.067 0.70

BPA: bisphenol A; PT: premature thelarche; �: Pearson’s corre-
lation coefficient; FSH: follicle-stimulating hormone; LH: luteiniz-
ing hormone; TSH: thyroid-stimulating hormone; fT4: free T4.
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route. Lakind and Naiman (2011) showed that con-

sumption of meals prepared outside home was asso-

ciated with higher urinary BPA levels in school

children.40 Tzatzarakis et al. (2017) reported that

approximately 41.7% of the canned solid food

(33.4 + 4.4 ng/g BPA), 25.0% of the canned liquid

food (70 + 0.08 ng/mL), and 43.8% of the soft

drinks (2.30 + 0.18 ng/mL) were positive for BPA.

The results of this study showed that canned solid

food contained higher levels of BPA compared to

canned liquid food.41

The current study is unique as it investigates the

relationship between PT and urinary BPA levels in

nonobese girls aged 4–8 years. We found that in PT

group, urinary BPA levels were approximately two

times higher compared to control group. In addition,

we observed insignificant correlations between estra-

diol and urinary BPA levels along with an unmarked

correlation between LH and urinary BPA levels in PT

group. This correlation may perhaps be significant if

we had more number of subjects with PT in this study.

Chen et al. (2015) conducted a study on female infants

(aged 4 months to 2 years, n ¼ 251) with PT. The

researchers observed that serum BPA concentrations

of PT group were markedly higher than the healthy

controls (3.48 ng/mL, 95% CI: 0.09–140.26 vs. 1.70

ng/mL, 95% CI: 0.06–51.78; p ¼ 0.039). However,

there was no correlation between age and serum BPA

levels.42 Leonardi et al. (2017) reviewed the results

of different studies on BPA exposure and puberty

and concluded that currently available data do not

allow establishment of a clear role of BPA in pub-

ertal development as there are conflicting results

from all clinical and epidemiological studies.43

Human exposure to different EDCs were suggested

to exert different effects on both male and female

reproductive systems. Besides, these chemicals may

be related to different pathological conditions like

endometriosis, breast cancer, testicular cancer, and

polycystic ovary syndrome.44 On the other hand,

other EDCs like organophosphate and organo-

chlorine pesticides were also found to be associated

with different male reproductive system disorders,

including hypospadias.45

In humans, although urinary BPA levels have not

been linked to PT before, we have observed that

the urinary BPA levels were markedly higher in the

idiopathic central PP (n ¼ 26) group versus control

(n ¼ 21) [median 8.34 (0.84–67.35) mg/g creatinine

and 1.62 (0.3–25.79) mg/g creatinine (OR ¼ 8.68,

95% CI: 2.03–32.72, p ¼ 0.001), respectively].46

Besides, serum BPA levels of Chinese PP patients

showed positive correlation with the volume of the

uterus, in accordance with our results, and volume of

the ovary, and girls with PP were found to be more

severely contaminated than controls.47 However, in a

recent study of our working group, we observed that

urinary BPA levels were not statistically different

between control, peripheral PP, and idiopathic central

PP groups (medians: 10.91, 10.63, and 10.15 mg/g

creatinine, respectively; p > 0.05). Buluş et al. (2016)

suggested that their study group lived in Ankara and as

Ankara is an industrialized city, the girls might be

exposed to environmental chemicals more than girls

living in Antalya (the city in which the study of

Durmaz et al. was conducted), which is a sea-side city

with more agricultural facilities.48

In the present study, BPA concentrations of Turkish

girls were comparable with other studies performed in

the United States, Europe, and Asia. Besides, LOD

levels (0.5 ng/mL ¼ 0.5 mg/L in the current study)

were also in the same range with other research.49–54

In US population, urinary BPA concentrations of chil-

dren and adolescents were found to be higher when

compared to adults. Two recent US government-

sponsored reviews on BPA literature, conducted in

2007 and 2008, stated specific cautions should be

given to exposure of fetuses, infants, and children.55,56

Moreover, the Food and Drug Administration (FDA)

indicated that it had “some concern” about the poten-

tial effects of BPA on fetuses, infants, and young

children in January 2010. Since then, the organization

supports reduced exposure of BPA in infants. The

FDA states that this can be provided by the elimina-

tion of BPA from baby bottles/cups and by the devel-

opment of new BPA-free alternatives for linings of

infant food cans.57

The mechanisms underlying the relationship

between BPA and early breast development are not

fully understood. In MCF-10F cells (human breast

epithelial cells), BPA exposure for 2 weeks caused

higher expression of genes involved in DNA repair

(i.e. BRCA1, CtIP) and lower expression of genes

involved in apoptosis (i.e. PDCD5, BCL2L11). The

epigenetic changes caused by BPA in MCF-10F cells

involve the hypermethylation and therefore the inhi-

bition of BCL2L11 and the hypomethylation of CtIP

gene which plays a role in the double strand brake

repair.58 On the other hand, perinatal exposure to

BPA increased the adult mammary gland progester-

one response and cell number in mice and it is indi-

cated that BPA is the major proliferative stimulus in
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the adult mouse mammary gland.59 Moreover, BPA,

similar to certain estrogen metabolites, can react with

DNA and can generate adducts that can produce a

variety of DNA modifications that, if not countered

by DNA repair, can lead to mammary cell growth and

cell transformation.60–63

In animals, BPA does not follow a monotonic

dose–response curve (“U” or inverted “U” shaped

dose–response curve) and low doses can cause poten-

tially harmful effects, varying at different stages of

development.64,65 Regulatory bodies in the United

States and EU have concerns on safety of low-dose

BPA exposure and the reference dose was defined as

�5 mg/kg body weight (bw)/day, which is also the

lowest dose used in standard toxicological tests. EPA

calculated reference dose as 50 mg/kg bw/day.66 In

rodents, several studies were concerned that exposure

to low doses of BPA may have developmental effects

in various hormone-responsive organs, including the

mammary gland and the same kind of effect might be

valid for humans, with potential consequences for

public health.67–69 In vivo studies showed that both

early-life and adult-life exposure in rodents to BPA

results in persistent alterations in mammary gland

morphogenesis and increased susceptibility to tumor-

igenesis.70,71 Maternal exposure to BPA during lacta-

tion decreased the time to first tumor latency in rats,

and increased the number of 7,12-dimethyl-

benz[a]anthracene (DMBA) induced mammary

tumors in their female offspring.72

In Turkey, BPA is banned from baby bottles, nip-

ples, and other polycarbonate baby products in July

2012 by a notification which was included in the Turk-

ish Food Codex—baby formulas and baby follow-up

formulas.73 However, there are still cheap baby bot-

tles, toys, or baby care products in the market contain-

ing BPA. On the other hand, throughout the globe,

including Turkey, there is a trend toward consuming

readily prepared, canned, or packaged food than

homemade food, especially among children and ado-

lescents. As the number of working mothers increase,

it is inevitable that children are fed with fast food or

microwave heated food. In a recent study performed

on US infant formulas, the highest BPA concentra-

tions were present in small cans of ready-to-feed for-

mula and the lowest BPA levels were found in powder

formula and small glass and polymeric containers of

ready-to-feed formula.74 This situation might be one

of the underlying factors of increment of PT among

girls. Parents should limit their children’s exposure to

BPA by avoiding the use of polycarbonate plastics

(specifically by avoiding putting hot beverages in plas-

tics and bottles with polycarbonate origin). In addition,

canned foods should be avoided for young children.

Besides, mothers should be encouraged to breastfeed

or use powdered formula.

In conclusion, further study is required to establish

the role of childhood BPA exposure in early breast

development. Given the short half-life of BPA and

temporal variability of urinary BPA concentrations,

a single spot urine sample may not correctly classify

exposures; however, it may reflect the accustomed

lifestyle and the customary exposure to such chemi-

cals. Although our study has some limitations (i.e.

few subject numbers), this might lead other research-

ers to design similar studies investigating a relation-

ship between BPA and PT with high subject numbers.
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24. Berberoğlu M. Precocious puberty and normal variant

puberty: definition, etiology, diagnosis and current

management. J Clin Res Pediatr Endocrinol 2009; 1:

164–174.

25. Ryan BC, Hotchkiss AK, Crofton KM, et al. In utero

and lactational exposure to bisphenol A, in contrast to

ethinyl estradiol, does not alter sexually dimorphic

behavior, puberty, fertility, and anatomy of female

LE rats. Toxicol Sci 2010; 114: 133–148.

26. Adewale HB, Todd KL, Mickens JA, et al. The impact

of neonatal bisphenol-A exposure on sexually

dimorphic hypothalamic nuclei in the female rat. Neu-

rotoxicology 2011; 32: 38–49.

27. Bundak R, Furman A, Gunoz H, et al. Body mass index

references for Turkish children. Acta Paediatr 2006;

95: 194–198.

28. Yang M, Kim SY, Lee SM, et al. Biological monitor-

ing of bisphenol A in a Korean population. Arch

Environ Contam Toxicol 2003; 44: 546–551.

29. Guidelines establishing test procedures for the analysis

of pollutants. U.S. Environmental Protection Agency

(EPA) (2012) 40 CFR Part 136; 2012. http://www.epa.

gov/region9/qa/pdfs/40cfr136_03.pdf (accessed 31

December 2016).

30. Jen JF, Hsiao SL and Liu KH. Simultaneous determi-

nation of uric acid and creatinine in urine by an

eco-friendly solvent-free high performance liquid

chromatographic method. Talanta 2000; 58: 711–717.

31. Soldin OP, Hoffman EG, Waring MA, et al. Pediatric

reference intervals for FSH, LH, estradiol, T3, free T3,

8 Human and Experimental Toxicology XX(X)

http://www.epa.gov/region9/qa/pdfs/40cfr136_03.pdf
http://www.epa.gov/region9/qa/pdfs/40cfr136_03.pdf


cortisol, and growth hormone on the DPC IMMULITE

1000. Clin Chim Acta 2005; 355: 205–210.

32. Soldin SJ, Morales A, Albalos F, et al. Pediatric refer-

ence ranges on the Abbott IMx for FSH, LH, prolactin,

TSH, T4, T3, free T4, free T3, T-uptake, IgE, and

ferritin. Clin Biochem 1995; 28: 603–636.

33. Ma HM, Du ML, Luo XP, et al. Onset of breast and

pubic hair development and menses in urban Chinese

girls. Pediatrics 2009; 124: e269–e277.

34. Aksglaede L, Sørensen K, Petersen JH, et al. Recent

decline in age at breast development: the Copenhagen

Puberty Study. Pediatrics 2009; 123: e932–e939.

35. Landrigan P, Garg A and Droller DB. Assessing the

effects of endocrine disruptors in the National Children’s

Study. Environ Health Perspect 2003; 111: 1678–1682.

36. Teilmann G, Juul A, Skakkebaek NE, et al. Putative

effects of endocrine disrupters on pubertal develop-

ment in the human. Best Pract Res Clin Endocrinol

Metab 2002; 16: 105–121.

37. Andersson AM and Skakkebaek NE. Exposure to exo-

genous estrogens in food: possible impact on human

development and health. Eur J Endocrinol 1999; 140:

477–485.

38. Daxenberger A, Ibarreta D and Meyer HH. Possible

health impact of animal oestrogens in food. Hum

Reprod Update 2001; 7: 340–355.

39. Halden RU. Plastics and health risks. Annu Rev Public

Health 2010; 31: 179–194.

40. Lakind JS and Naiman DQ. Daily intake of bisphenol

A and potential sources of exposure: 2005–2006

National Health and Nutrition Examination Survey.

J Expo Sci Environ Epidemiol 2011; 21: 272–279.

41. Tzatzarakis MN, Karzi V, Vakonaki E, et al. Bisphenol

A in soft drinks and canned foods and data evaluation.

Food Addit Contam B Surveill 2017; 10: 85–90.

42. Chen LH, Shi JR, Fang YL, et al. Serum bisphenol A

concentration and premature thelarche in female

infants aged 4-month to 2-year. Indian J Pediatr

2015; 82: 221–224.

43. Leonardi A, Cofini M, Rigante D, et al. The effect of

bisphenol A on puberty: a critical review of the med-

ical literature. Int J Environ Res Public Health 2017;

14(9)pii: E1044.

44. Sifakis S, Androutsopoulos VP, Tsatsakis AM, et al.

Human exposure to endocrine disrupting chemicals:

effects on the male and female reproductive systems.

Environ Toxicol Pharmacol 2017; 51: 56–70.

45. Michalakis M, Tzatzarakis MN, Kovatsi L, et al.

Hypospadias in offspring is associated with chronic

exposure of parents to organophosphate and organo-

chlorine pesticides. Toxicol Lett 2014; 230: 139–145.
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48. Buluş AD, Aşci A, Erkekoglu P, et al. The evaluation

of possible role of endocrine disruptors in central and

peripheral precocious puberty. Toxicol Mech Methods

2016; 26: 493–500.

49. Wolff MS, Britton JA, Boguski L, et al. Environmental

exposures and puberty in inner-city girls. Environ Res

2008; 107: 393–400.

50. Wolff MS, Teitelbaum SL, Pinney SM, et al. Investi-

gation of relationships between urinary biomarkers of

phytoestrogens, phthalates, and phenols and pubertal

stages in girls. Environ Health Perspect 2010; 118:

1039–1046.

51. Braun JM, Kalkbrenner AE, Calafat AM, et al. Impact of

early-life bisphenol A exposure on behavior and execu-

tive function in children. Pediatrics 2011; 128: 873–882.

52. Pirard C, Sagot C, Deville M, et al. Urinary levels of

bisphenol A, triclosan and 4-nonylphenol in a general

Belgian population. Environ Int 2012; 48: 78–83.

53. Ehrlich S, Williams PL, Missmer SA, et al. Urinary

bisphenol A concentrations and early reproductive

health outcomes among women undergoing IVF. Hum

Reprod 2012; 27: 3583–3592.

54. Calafat AM, Ye X, Wong LY, et al. Exposure of the U.

S. population to bisphenol A and 4-tertiary-octylphenol:

2003–2004. Environ Health Perspect 2008; 116: 39–44.

55. Vogel SA. The politics of plastics: the making and

unmaking of bisphenol A “safety”. Am J Public Health

2009; 99: S559–S566.

56. vom Saal FS, Akingbemi BT, Belcher SM, et al. Cha-

pel Hill bisphenol A expert panel consensus statement:

integration of mechanisms, effects in animals and

potential to impact human health at current levels of

exposure. Reprod Toxicol 2007; 24: 131–138.

57. Update on bisphenol A for use in food contact appli-

cations. January 2010. http://www.fda.gov/NewsE

vents/PublicHealthFocus/ucm197739.htm (accessed

31 December 2016).

58. Fernandez SV, Huang Y, Snider KE, et al. Expression

and DNA methylation changes in human breast epithe-

lial cells after bisphenol A exposure. Int J Oncol 2012;

41: 369–377.

59. Ayyanan A, Laribi O, Schuepbach-Mallepell S, et al.

Perinatal exposure to bisphenol A increases adult

mammary gland progesterone response and cell num-

ber. Mol Endocrinol 2011; 25: 1915–1923.

Durmaz et al. 9

http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm197739.htm
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm197739.htm


60. Liehr JG. Is estradiol a genotoxic mutagenic carcino-

gen? Endocr Rev 2000; 21: 40–54.

61. Izzotti A, Kanitz S, D’Agostini F, et al. Formation of

adducts by bisphenol A, an endocrine disruptor, in

DNA in vitro and in liver and mammary tissue of mice.

Mutat Res 2009; 679: 28–32.

62. Atkinson A and Roy D. In vitro conversion of environ-

mental estrogenic chemical bisphenol A to DNA bind-

ing metabolite(s). Biochem Biophys Res Commun

1995; 210: 424–433.

63. Vandenberg LN, Maffini MV, Sonnenschein C, et al.

Bisphenol-A and the great divide: a review of contro-

versies in the field of endocrine disruption. Endocr Rev

2009; 30: 75–95.

64. Domoradzki JY, Thornton CM, Pottenger LH, et al. Age

and dose dependency of the pharmacokinetics and meta-

bolism of bisphenol A in neonatal Sprague-Dawley rats

following oral administration. Toxicol Sci 2004; 77:

230–242.

65. Weltje L, vom Saal FS and Oehlmann J. Reproductive

stimulation by low doses of xenoestrogens contrasts

with the view of hormesis as an adaptive response.

Hum Exp Toxicol 2005; 24: 431–437.

66. Diamanti-Kandarakis E, Bourguignon JP, Giudice LC,

et al. Endocrine-disrupting chemicals: an Endocrine Soci-

ety scientific statement. Endocr Rev 2009; 30: 293–342.

67. Zhang GL, Zhang XF, Feng YM, et al. Exposure to

bisphenol A results in a decline in mouse spermatogen-

esis. Reprod Fertil Dev 2013; 25: 847–859.

68. Kunz N, Camm EJ, Somm E, et al. Developmental and

metabolic brain alterations in rats exposed to bisphenol

A during gestation and lactation. Int J Dev Neurosci

2011; 29: 37–43.

69. Palanza P, Gioiosa L, vom Saal FS, et al. Effects of

developmental exposure to bisphenol A on brain and

behavior in mice. Environ Res 2008; 108: 150–157.

70. Ibrahim MA, Elbakry RH and Bayomy NA. Effect of

bisphenol A on morphology, apoptosis and prolifera-

tion in the resting mammary gland of the adult albino

rat. Int J Exp Pathol 2016; 97: 27–36.

71. Markey CM, Luque EH, Munoz De Toro M, et al. In

utero exposure to bisphenol A alters the development

and tissue organization of the mouse mammary gland.

Biol Reprod 2001; 65: 1215–1223.

72. Jenkins S, Raghuraman N, Eltoum I, et al. Oral exposure

to bisphenol A increases dimethylbenzanthracene-

induced mammary cancer in rats. Environ Health

Perspect 2009; 117: 910–915.

73. Turkish Food Codex, 2013. Regulation for the

change of the regulation that demonstrated the good

manufacturing process for substances that are in

contact with the food, http://www.resmigazete.gov.

tr/eskiler/2013/02/20130202-2.htm (accessed 31

December 2016).

74. Ackerman LK, Noonan GO, Heiserman WM, et al.

Determination of bisphenol A in U.S. infant formulas:

updated methods and concentrations. J Agric Food

Chem 2010; 58: 2307–2313.

10 Human and Experimental Toxicology XX(X)

http://www.resmigazete.gov.tr/eskiler/2013/02/20130202-2.htm
http://www.resmigazete.gov.tr/eskiler/2013/02/20130202-2.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


