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Abstract

Objective Accumulation of estrogenic compounds and other carcinogens in normal breast tissues
contributes to unpredictable breast cancer incidence during adolescence and throughout life. To assess
the role of parabens in this phenomenon, the paraben content of adjacent normal-malignant breast
tissues is measured in women with breast cancer living in Isfahan Province, Iran.

Methods Adjacent normal-malignant breast tissue samples were obtained from 53 subjects. The
parabens including methyl-paraben (MePB), ethyl-paraben (EtPB), propyl-paraben (PrPB), and butyl-
paraben (BuPB) were extracted from the sample supernatant and then subjected to gas
chromatography analysis.

Results Some risk factors for breast cancer were stimulated by parabens in adjacent malignant-normal
breast tissues among young and middle-aged women with breast cancer. We observed a significant
association for dose-response pattern of MePB [OR = 98.34 (11.43-185.2), P = 0.027] for both ER+ and
PR+ women and MePB [OR = 164.3 (C/: 112.3-216.3), P < 0.001] for HER2+ women than women with
negative receptors. The risk of 95-fold increase in MePB dose and 164-fold increase in YPBs dose were
significant for women with hereditary breast cancer in first-degree relatives.

Conclusions These results may promote future epidemiology studies and strategies to improve women’s
lifestyle and consume paraben-free products.
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INTRODUCTION

of parahydroxybenzoic acid™. Common

parabens (PBs) consist of methylparaben
(MePB), ethylparaben (EtPB), propylparaben (PrPB),
butylparaben (BuPB), and benzylparaben (BzPB)[Z].
Generally, one or more PB forms are detected in
foodstuffs (fruits, cooking oils, fast-food), personal
care products (cosmetics, shampoos, toothpastes,
shaving creams), and pharmaceutical productsm.
Human exposure to parabens through
pharmaceutical products is different because
fluctuation in paraben concentration in liquid, syrup,
or cream samples is up to 2,000 mg/g, while that in
solid and soft gel is 1.10 mg/g[4].

Human exposure to parabens occurs through
ingestion, inhalation, and dermal absorption.
Parabens are usually distributed in human biological
samples, such as urine, serum, breastmilk, placental
tissue, umbilical cord blood, amniotic fluid, and
reproductive hormones” ™

The lipophilicity and bioaccumulation of
parabens could imply the importance of their
environmental exposurem]. Owing to this feature,
paraben occurrence can be observed in almost all
adipose samples and breast tissues of women"?.

Parabens are absorbed through the skin and
remain intact in many tissues' . It is estimated that
the average daily total paraben exposure for a
person is 76 ng/g[1.3 mg/(kg:d) for a person
weighing 70 kg]“sl.

Although parabens have been detected in
various human specimens, our knowledge of their
side effects on human health is limited. These
compounds are potentially dangerous for the
endocrine system[g’m. During pregnancy, parabens
are associated with dysfunction in reproductive and
thyroid hormone levels. They increase oxidative
stress and inflammation biomarker levels™"”. This
increase can disrupt normal cellular signaling and
trigger different diseases, such as cancer,
cardiovascular disease, and infertility[lsl

Parabens, similar to other endocrine disrupting
chemicals (EDCs), mimic the properties of the main
natural estrogen when bound to estrogen receptors
ool Routledge et al. (1998) were the first to
report that the effect of the estrogenic activity of
parabens is inhibited by 4-hydroxy tamoxifen™™.

Because paraben compounds show estrogenic
activity and interfere with ERs, researchers Darbre et
al. (2004) and Barr et al. (2012) measured parabens

T he term ‘paraben’ is the abbreviated form

. . 21,22
in breast cancer tissues” ">, Moreover, Byford et al.

(2002) revealed the estrogenic effects of the four
parabens (MePB, EtPB, n-PrPB, n-BuPB) in estrogen-
dependent MCF7 human breast cancer cells. At
specific concentrations, parabens can increase the
expression of both transfected (ERE-CAT reporter
gene) and endogenous (pS2) estrogen-regulated
genes in these cells™. Lillo et al. (2017) found that
MePB, the most common paraben, increases the size
of breast cancer with ER+"".

In recent years, breast cancer shows an
increasing trend in Iran, especially in the young and
middle-aged groupslzs]. The reason for this high
incidence of breast cancer is not well known, and
data on the exposure of women with breast cancer
to known or potential EDCs, such as paraben, in
Asian countries, such as Iran, are rare. This
unexpected breast cancer incidence may occur
through accumulation of estrogenic compounds and
other carcinogens in normal breast tissues during
adolescence and throughout life. To assess the role
of parabens in this phenomenon, the paraben
content of adjacent normal-malignant breast tissues
was measured in women with breast cancer living in
Isfahan Province, Iran.

MATERIALS AND METHODS

Sampling Collection

This cross-sectional study was conducted among
women living in Isfahan Province, Iran. Isfahan
Province, with a population of 5,120,850 according
to the 2016 census, is the third-most crowded
province in Iran after Tehran and Mashhad
Provinces.

Paired samples (n = 106) of malignant and
normal tissues (adjacent to tumor tissues) were
obtained from women with breast cancer (n = 53).

A researcher designed a questionnaire consisting
of information on gender, age, body mass index
(BMI), physical activity, breastfeeding duration,
educational status, breast cancer and other family
history of cancers, hormone therapy history, reasons
to say yes to hormone therapy, age at first
pregnancy, age at menarche, age at menopause,
employment, status, deodorant, fast food and
cosmetic consumption, and smoking. Based on the
diagnosis, other information regarding the tumor,
such as estrogen receptor/progesterone receptor/
human epidermal receptor 2 (ER/PR/HER2) factors,
were also obtained.
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Breast tissues (malignant and normal) samples
were obtained from Hojati and Khanavadeh
Hospitals, and the procedure was subject to approval
from the ethics committee of the Isfahan University
of Medical Sciences. Participants signed the consent
documents after the study procedure was explained
by an environmental health researcher.

Samples were transported to the Poursina-Hakim
Laboratory to be diagnosed and separated into
normal and malignant tissues by a pathologist. The
samples were kept in formalin at 4 °C until
extraction.

All chemicals, solvents, and analytes, including
MePB, EtPB, PrPB, and BuPB (with purity > 99%),
were purchased from Sigma-Aldrich. Parabens stock
solutions were prepared by dissolving 10 mg of each
paraben in 1 mL of methanol, and then stored at
4 °C. The standard series were prepared in 10—
100 ng/mL range to draw the calibration curves.

Sample Preparation

. 26-30. .
Several previous methods”**” were assessed in

designing the method adopted here. In this design,
first, 1 to 5 g of breast tissue sample was grinded,
followed by addition of 5 mL methanol. Next, the
mixture was exposed to ultrasonic waves for 15 min
to lyse the breast cells, and parabens were released
from the breast tissue. The mixture was then
centrifuged at 5,000 rpm for 5 min. The obtained
supernatant was diluted by deionized water to
50 mL. Subsequently, 10 mL of the diluted solution
was filtered through a 0.45 um filter. Finally, based
on the dispersive liquid-liquid micro-extraction
(DLLME) method, 500 uL acetone and 30 uL
chlorobenzene were rapidly injected into a 5 mL
sample solution placed in a 10 mL conical centrifuge
tube to form a cloudy suspension, which was then
centrifuged at 5,000 rpm for 5 min"?.

Addition of these solvents to the tissue
supernatant and the subsequent centrifugation
allowed low-density insoluble compounds, such as
lipids, to be dissolved with the assistance of acetone
in the aqueous phase in the Falcon tube. In addition,
owing to its high density and insolubility,
chlorobenzene contributes in the separation of
insoluble compounds, such as paraben, in the
droplet on the bottom of the Falcon tube. This
droplet was collected, dried by a mild flow of
nitrogen, and derivatized with 10 pL N-methyl-N-
(trimethylsilyl) trifluoroacetamide (MSTFA). The yield
substance was analyzed through gas
chromatography (GC) with an MS detector (Agilent
19091S-433MS column with 0.25 mm thickness,

[31]

30.0 m length, and 0.32 mm diameter)
Validation Procedure

Matrix (breast tissue) effects were evaluated
using a spike recovery approach, and the results of
the obtained calibration curve was modified for
malignant and normal tissues by applying the
relative recovery (RR%) obtained from Equation
(1)[30]. For this reason, during sample preparation,
the standards (130 ng/g) were spiked with sample,
and matrix effects were evaluated by RR%.

nfaund ~ Niear

RR% = x 100 (1)

added

Where, ng,,nq is the amount of paraben detected in
the real sample spiked with a known amount of
paraben (130 ng/g). n,e is the amount of paraben
detected in the non-spiked real sample and ng4geq
is the amount of paraben added to the real
sampleBO]

To decrease background paraben contamination,
all glassware were washed with deionized water and
then placed at 250 °C for 24 h, all instrument
operators avoided using products containing
parabens to reduce sample contamination, and all
solvent stocks were checked daily for contamination
control®. In addition, a calibration standard (at a
concentration range of 10-50 ng/mL) and a pure
solvent (methanol) were injected after every 20
samples to check for changes in instrumental
sensitivity and carry-over of parabens between
samples, respectivelym].

Method validity was examined by analytical
factors such as regression equation, linearity, limit of
detection (LOD), limit of quantification (LOQ),
retention time, and relative recovery (RR%).
Correlation coefficients are equal or higher than
0.9976. The RR of these analytes was 88% for MePB
and 133% for EtPB. The LOD was 0.28 ng/g for PrPB
and 0.85 ng/g for BuPB. The LOQ was 0.88 ng/g for
BuPB and 198 ng/g for MePB. Typical
chromatograms of MePB, EtPB, PrPB, and BuPB are
presented in Figure 1.

Statistical Analysis

Data were analyzed in SPSS (IBM SPSS Statistics
25). The paired sample t-test was used to compare
the means of paraben concentration, and Spearman
correlation coefficients were applied to determine
the correlation between parabens in adjacent
normal-malignant tissues. The association between
paraben concentrations with traditional risk factors
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of breast cancer was assessed using the generalized
estimating equations (GEE) model. All tests were
conducted at a 5% error level. Total paraben
concentration was calculated using Equation (2):

Z PBs = MePB + EtPB + PrPB + BuPB (2)

Estrogen equivalency (EEQ) factor of parabens was
. . [33]
calculated using Equation (3) .

EEQ (parabens) = (MePB x 1) + (PrPB x 83.3) 3)
+ (BuPB x 250)
In Equations (2) and (3), the concentration of each
paraben was expressed as ng/g and mol/g,
respectively.

RESULTS

Socio-demographic and Behavioral Characteristics
of the Study Population

The socio demographic characteristics of the
subjects are shown in Table 1. Most subjects were
aged 40-49 years (42.3%), followed by 30-39 years
(19.2%). The obtained data indicated that 36.5%,
32.7%, 25.0%, and 5.8% of women were considered
obese, normal, overweight, and underweight,
respectively. Only 17.3% of the subjects were with
menarche at age < 12 years and 61.5% were at age >
12 years. Based on the obtained results, 5.8% and
25.0% of women were considered as
postmenopausal and premenopausal, respectively.
Most participants were unemployed (83.0%); thus,

they were more willing to complete and return the
questionnaires than the participants who were
employed. The most frequent highest education was
< high school (53.8%) (Table 1).

Comparison of the Mean and Median of Paraben
Metabolite Distribution between Malignant and
Normal Tissues

In both tissues, 100% of samples contained
MePB, EtPB, PrPB, and BuPB. According to the
results obtained from paired sample t-test, no
significant difference in all the measured paraben
metabolites (MePB, EtPB, PrPB, and BuPB) was
observed between these two tissues (P > 0.05)
(Table 2). In both tissues, the order of paraben
concentration was as follows: MePB > EtPB >
PrPB > BuPB.

In this study, the EEQ or estrogenic body burden
of parabens for malignant and normal tissues were
7.97 and 6.15 mol/g, respectively. The results
indicated that the estrogenic effect of parabens in
malignant tissues was 1.3 (7.97:6.15) times higher
than that in normal tissues.

Correlation Coefficients of Paraben Concentrations
between Malignant and Normal tissues

The correlation coefficients of all parabens
(MePB, EtPB, PrPB, and BuPB) were compared
between malignant and normal tissues by Spearman
correlation coefficients (Figure 2). The individual
paired samples revealed positive correlations
between malignant and normal tissues for all
paraben concentrations. According to the Spearman
correlation coefficients, all parabens were correlated

Abundance .
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Figure 1. GC/MS chromatograms of MePB (RT: 10.99), EtPB (13.90), PrPB (RT: 14.50), and BuPB (RT:

15.20) in human breast cancer extract.
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with each other at P < 0.01, except for BuPB (P =

0.05).

Table 1. The socio-demographic and behavioral
characteristics of the study population (N = 53)

Demographic variables Grouping variables N (%)
<30 4(7.7)
30-39 10 (19.2)
Age (years) 40-49 22 (42.3)
50-59 8(15.4)
> 60 8(15.4)
< 18.5 (underweight) 3(5.8)
18.5-24.9 (normal weight) 17 (32.7)
Body mass index (BMI)
25-29.9 (over weight) 13 (25.0)
> 30 (obesity) 19 (36.5)
Regular 7 (13.5)
Physical activity Irregular 29 (55.8)
Passive 16 (30.7)
Without children 8(15.1)
Breast feeding duration <6 months 6(11.3)
6-24 months 39 (73.6)
< High school 28 (53.8)
Educational status High school 11(21.2)
> High school 13 (25.0)
Degree of family history None 29 (54.7)
of breast cancer First or second degree 24 (45.3)
Degree of family history None 35 (66.0)
of other cancer First or second degree 18 (34.0)
Yes 23 (41.8)
Hormone therapy history
No 32 (58.2)
Reasons to say yes to Birth control 20 (87.0)
hormone therapy Infertility 3(13.0)
<30 43 (87.8)
Age at first pregnancy 30 3(6.1)
(years)
>30 3(6.1)
Employed 9(17.0)
Employment status
Unemployed 44 (83.0)
<12 9(17.3)
Age at menarche (years) 12 11(21.2)
>12 32 (61.5)
Non-menopausal 36 (69.2)
Age at menopause
<55 13 (25.0)
(years)
>55 3(5.8)

Association between Paraben Concentrations with
Breast Cancer Risk Factors, Analyzed Using the GEE
Model

Table 3 shows the association between paraben
concentrations with breast cancer risk factors, as
analyzed using the GEE model. Analysis of the
effects of ER/PR/HER2 on paraben exposure
revealed a significant association between the
dose-response pattern of MePB [OR = 98.34 (11.43,
185.2), P =0.027] for both ER+ and PR+ women and
the dose-response pattern of MePB [OR = 164.3
(CI: 112.3, 216.3), P < 0.001] for HER2+ women,
compared with those women for the receptors-
negative (Table 3).

Breastfeeding duration showed a significant
negative association with the response-dose of PrPB
[OR = -83.02 (CI: -144.8, -21.2), P = 0.008] and PrPB
[OR = -62.68 (CI: -123.5, -1.85), P = 0.043] in
women with breastfeeding duration of < 6 months
and > 6 months, compared with those in women
with no children, respectively (Table 3).

These results indicated that the response-dose of
EtPB [OR = -69.95 (CI: -120.1, -18.32), P = 0.008]
and PrPB [OR = -44.79 (CI: -83.14, -6.43), P = 0.022]
decreased by 69 and 44-fold among women with age
at menarche of 12 vyears, compared to that in
women with age at menarche of > 12 vyears,
respectively (Table 3). We also observed that age at
first pregnancy had a significant association with
increased doses of EtPB [OR = 166.2 (Cl: 110.4,
222.1), P < 0.001], BuPB [OR = 136.4 (CI: 66.89,
205.9), P = 0.001], and YPBs [OR = 329.5 (CI: 77.48,
581.6), P = 0.01] in women with age at first
pregnancy of 30 years, compared with the reference.
Moreover, the dose response of BuPB [OR = 53.17
(Cl: 10.27, 96.07), P = 0.015] for age at first
pregnancy of < 30 years was significant (Table 3).

A 36-fold increase was recorded in PrPB dose
[OR = 36.24 (CI: 10.21, 62.28), P = 0.006] among
women with no menopause compared with the
reference, and a 32-fold increase was recorded in
PrPB dose [OR = 32.41 (CI: 32.52, 61.30), P = 0.028]
among women with menopause at < 55 vyears
compared with the reference (Table 3).

The 95-fold decrease in MePB dose [OR = -95.89
(Cl: -157.9, -33.88), P = 0.002] and the 164-fold
decrease in YPBs dose [OR = -164.3 (Cl: -308.5,
-20.13), P = 0.026] were significant in women with
no family history of breast cancer compared to those
in the reference (first-degree relatives with breast
cancer) (Table 3).

Compared with women using hormone therapy
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for infertility treatment, YPBs dose [OR= -320.4 (Cl =
-635.9, -4.81), P = 0.047] was 320-fold lower among
women using hormone therapy for birth control
(Table 3).

Stratification of data by age revealed a significant
association with the response-dose of EtPB [OR =
-101.6 (CI: -141.6, -61.51) P < 0.001], BuPB [OR =
-98.75 (CI: -144.5, -52.97), P < 0.001], and SPBs
[OR = -250.2 (CI: -403.3, -97.2), P = 0.001] among
women aged < 30 years compared with women aged
> 60 years (Table 3).

Statistical analyses revealed that PrPB dose [OR =
32.55 (Cl: 8.28, 56.82), P = 0.009] increased by 32-
fold among underweight women compared with that
among obese women (Table 3).

DISCUSSION

The proposed method herein is an appropriate
technique for determining paraben content in breast
tissues and providing acceptable recovery and good
sensitivity to analyze real samples. Owing to its high
chromatographic resolution capacity, GC-MS greatly
contributes in  quantifying organic  volatile
compounds. The derivatization process before GC
analysis improves the identification of organic
compoundsm] The LOQs obtained through the
developed GC-MS method was similar to that of LC-
Ms/ms",

To the best of our knowledge, this was the first
study to assess paraben content in adjacent normal-

Table 2. Comparison of the mean and median of paraben metabolite (ng/g) distribution
between malignant and normal tissues

Paraben metabolites (ng/g wet w.) Tissue Mean Maedian SD IQR Min Max t df  P-value
MePB Malignant 178.47 148.36 107.10 110 2236  529.23
0.798 52 0.429
Normal  164.86 13549 114.92 169 7.72  547.42
EtPB Malignant 136.69 131.37 84.90 132 11.77 369.98
-0.581 52 0.564
Normal  144.11 112.83 120.01 126 11.68 547.42
PrPB Malignant 99.89 84.48 63.87 76 23.50 266.19
0.202 52 0.840
Normal 97.44 68.82 95.72 91 5.89  422.18
BuPB Malignant 87.88 61.93 80.38 112 7.56 310.28
-1.019 52 0.313
Normal  107.53 45.44  138.82 122 4.76  769.06
>PBs Malignant 497.02 507.31 242.29 356 99.35 1114.70
-0.252 52 0.802
Normal 507.81 432.20 32543 411 30.05 1522.65
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Figure 2. Comparison of correlation coefficients of paraben concentration (Conc) between malignant and
normal tissues (A: MePB, B: EtPB, C: PrPB, D: BuPB, E: 3PBs).
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malignant breast tissues. No significant difference in
paraben concentration (P < 0.05) was observed
between malignant and normal tissues, which may
be caused by the high burden of parabens in
different tissues of women. In a study by Darbre et
al. the mean concentration of parabens in 20 women
with breast cancer was (20.6 + 4.2) ng/g tissue.
Comparison of individual paraben concentrations
revealed MePB was the paraben with the highest
concentration (with a mean concentration of (12.8 +
2.2 ng/g)m]. In another study, paraben concentration
was reported in a range of 20-100 ng/g tissue™”
Compared with these previous results, in this study,
the mean paraben concentrations ranged from 87.88
for BuPB to 178.48 ng/g for MePB in malignant
breast tissues (Table 2). In this study, among the
parabens, MePB was detected at the highest
amount, which can be due to the high MePB content
of consumer products. BuPB was detected at the
lowest concentration, which may be attributed to its
low content in consumer products. Taken together,
we concluded that paraben residue in both
malignant and normal tissues can be used as
indicators to determine human accumulative
exposure to these pollutants. According to published
findings, parabens at concentrations of 10"° molar or
higher increase the expression of cancer-related
genesm].

In this study, comparison of the positive
correlation coefficients of paraben concentrations,
except for that of BuPB, between malignant and
normal tissues indicated that source exposure to
paraben was common for malignant and normal
tissues. This correlation coefficient indicated that
breast tissues were completely exposed to the
effects of parabens. It has been established that
exposure to MePB induces disorders, such as cell
cycle, in human breast epithelial cells. In addition,
exposure to MePB and BuPB has been known to
increase DNA damage as well as chromosomal and
gene abnormalities associated with stimulation of
the estrogen receptorsBs].

ER, PR, and HER2 are important molecular
biomarkers for breast cancer. It was revealed in this
study that MePB concentration significantly
increased among ER+, PR+, and HER2 + participants,
compared with that among women negative for ER,
PR, and HER2. It is assumed that MePB stimulated
the ER+, PR+, and HER2 + receptors in these women.
The relationship between MePB and the risk factor
ER+ in this study is consistent with previous results
that E+ breast cancer models exhibiting MePB had
an increase in the gene expression of mammary

stem cells, resulting in cancer cell resistance to
chemotherapy[24'37’38]. In addition to the interaction
of parabens with ER and PR receptors[m, Pan et al
found that HER ligands increase the potency of BuPB
to stimulate oncogene expression and breast cancer
cell proliferation in vitro by ERa™”.

A significant negative association between
breastfeeding duration and the response-dose of
PrPB (OR = -83.02) and PrPB (OR= -62.68) was
observed in women with breastfeeding duration of <
6 months and > 6 months, respectively, compared
with that in women with no children.

These results may be consistent with the fact
that breast milk hormones protect a mother against
weight gain as well as breast and endometrial
cancers™. It s possible that breastfeeding
contributes in detoxifying parabens in breast tissues.
However, as far as we know, this topic has not been
studied.

The findings in this study indicated that EtPB
[OR = -69.95 (CI: -120.1, -18.32), P = 0.008] and
PrPB [OR = -44.79 (CI: -83.14, -6.43), P = 0.022]
had a significant negative association with age at
menarche of 12 years compared with reference.
These results suggested that exposure to parabens
probably had occurred since the subjects were at a
much younger age. The obtained results were in
agreement with the high urinary EtPB
concentration observed in a previous study
. . . [41]
involving a Korean population aged 0-18 years
Furthermore, our findings are consistent with the
inverse association between EtPB and BuPB
concentrations and the menstrual cycle length
found among female Japanese university
students*”. Previous studies have confirmed that
parabens have many side effects on menstruation.
Exposure to high doses of PrPB and BuPB increases
the number of primordial follicles, while decreasing
the number of early primary follicles during
menarche. Moreover, regarding ovarian
dysfunction, exposure to PrPB and BuPB disrupts
the expression of some uterine genes, whereas
exposure to high doses of BuPB significantly
increases uterine weight[43].

In this study, a 32-fold increase in PrPB
concentration was recorded among women with age
at menopause of < 55 years. This result suggested
that exposure to parabens had occurred among
young and middle-aged women of reproductive age.
This was confirmed by the findings of Lee et al, in
which exposure to paraben induces premature
ovarian failure (POF), which is similar to menopause,
before the age of 40 yea rs*.
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In this study, there was a significant association
between EtPB (OR = 166) and BuPB (OR= 53)
exposures and age at pregnancy of < 30 and 30
years, respectively. This study revealed that
exposure to EtPB and BuPB had occurred among
women aged < 30 years. In study of Jain (2016), it is
interesting that BuPB, EtPB, and MePB
concentrations have increased with pregnancy
progressionms].

Infertility and hormonal fertility treatments are
related to breast cancer™™. In this study, a 320-fold
increase in YPBs concentration was observed among
women who used hormone therapy for infertility
treatment. Another study reported that exposure to
PrPB leads to diminished ovarian reserve and
contributes to ovarian aging among women®

In this study, there was a significant positive
association between breast cancer gene in women
with first-degree relatives and MePB (OR= 95, P =
0.002) and 3PBs (OR = 164, P = 0.026)
concentrations. This finding can be confirmed by
environmental effects on the stimulation of breast
cancer gene expressionW]. However, as far as we
know, this topic has not been studied.

Our results also revealed a negative association
between EtPB, BuPB, and }PBs doses and women
aged < 30 years, compared with women aged > 60
years. These results are similar to those reported by
Engel et al. (2014)[48]. The authors found that PrPB
concentration is higher among participants aged < 50
years. This difference in paraben concentration
among age groups is related to lifestyle factors and
paraben metabolism"*.

Most endocrine disruptors are related to
BMI™*. In this study, an inverse relationship was
observed between PrPB concentration and BMI. This
observation is in agreement with the results
reported by Jain (2016). Jain reported that MePB,
EtPB, PrPB, and BuPB doses decreased among
pregnancy women as BMI increased (P < 0.001)[45].
Koeppe et al. (2014) have indicated that BMI is
inversely associated with paraben concentration (P <
0.05)[51]. Moreover, another inverse association has
been observed between the concentrations of
MePB, PrPB, and BuPB and BMI (Spearman r = -0.15
and -0.17; P < 0.05)[52]. Larger surface area to body
weight ratio (< BMI), high dermal absorption, and
inhalation by the lung surface can lead to an increase
in paraben accumulation among an underweight
population[53'54] The above findings may be due to
pharmacokinetic differences among underweight
and obese people[48]

In conclusion, exposure to paraben metabolites

was widespread among women with breast cancer
in Isfahan Province, Iran. No significant difference
in paraben concentration was observed between
malignant and normal tissues, which may indicate
high body burden of parabens in the different
tissues of women in this population. The results of
this study revealed that paraben accumulation in
breast tissues had significant association with
breast cancer risk factors, such as ER/PR/HER2
status, degree of family history of breast cancer,
age at menarche, age at first pregnancy, age at
menopause, and BMI. Most breast cancer risk
factors can be stimulated by paraben exposure
among young and middle-aged women. These
results can advance future epidemiology studies
and strategies to improve women’s lifestyle and
promote consumption of paraben-free products.
The limitations of this study included its relatively
small sample size, especially when stratified by
intervention variables.
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