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Abstract: Objective: To explore differences of phthalic acid ester (PAE) concentrations in serum and urine as well 
as endometrial tissues in patients diagnosed with endometriosis (EM) compared to healthy controls in Shanghai. 
Patients and methods: We designed a single-center case-control study based on the measurement of PAE concen-
trations in serum and urine of patients and controls as well as in pathological tissues from EM patients which were 
measured using either high performance liquid and/or gas chromatography. A total of 289 female subjects were 
included in the study (115 cases diagnosed with EM and 174 healthy women as controls). Results: Positive detec-
tion rates of Dibutyl phthalate (DBP) and Di (2-ethylhexyl) phthalate (DEHP) were > 90% in both measured groups 
for all measurements, but for diethyl phthalate (DEP) the range was from 0-16.4%. The serum DBP and DEHP con-
centrations in patients with EM were significantly higher than in healthy women (P < 0.05). The urine concentration 
of primary DEHP metabolites (∑DEHP) was also higher in EM patients (P < 0.05). In patients diagnosed with EM, 
DBP and DEHP concentrations in pathological tissues were 4 and 14.4 times higher respectively, as those in serum. 
Conclusion: Significantly enhanced blood serum DBP and DEHP concentrations and significant increases of their 
primary metabolites in urine of EM patients compared to the controls indicated that PAE affected EM. In addition, 
the high concentration of DBP and DEHP in resected endometrial tissues of EM patients supported this finding. 
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Introduction

Phthalate acid esters (PAE) or phthalate esters 
(PE) are used as plasticizers, which are addi-
tives that increase the flexibility, workability 
and dispensability of plastics or elastomers. 
The most common use of PE is to increase the 
flexibility of polyvinyl chloride (PVC) [1]. Because 
PAE are not chemically bonded to the surface 
structure, they can be easily released from the 
surface, particularly in PVC containing materi-
als [2]. 

In recent years, studies have been conducted 
to evaluate the amount of PAE migration  
from food and beverages into the foodstuff 
packaging [3-5], but other potential sources of 
PAE uptake in humans, ranging from cosmet-
ics, personal care products, home furni- 
shings, toys, pharmaceuticals, nutritional sup-

plements, insecticides to medical instruments 
have also been reported [6, 7]. Although the 
lethal dose (LD) of phthalic acid is relatively 
high (7,900 mg/kg in rats [8], PAE are catego-
rized as endocrine disrupters including estro-
genic, anti-androgenic and anti-thyroid effects 
[9-11], working in µM dose ranges. Due to the 
extensive use of PAE and their ability to diffuse 
through the placenta and breast milk, the 
majority of modern humans are exposed to PAE 
from as early as the prenatal period [12, 13]. 
Since children experience significantly higher 
daily exposure to phthalates in relation to their 
body weight than adults, the presence of PAE in 
toys has been raised as a potential health risk 
[14, 15]. 

It has been shown by epidemiological studies 
that PAE affect female reproduction to various 
extents, including correlations with precocious 
puberty, EM, infertility, menoxenia, and a short-
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ening pregnancy. However, disagreements still 
exist between the findings of several published 
studies [16-21].

EM is a clinical condition characterized by 
endometrial tissues appearing in other parts of 
the body than the corpus uteri. Although EM is 

usually referred to as a benign lesion, it has 
been categorized as a neoplastic process [22]. 
The most common locations for EM to occur 
are visceral organs and the peritoneum, but 
implantation in the ovary is also a common find-
ing. In this case, the endometrial cyst of the 
ovary is termed a “chocolate cyst” [23]. In 

Table 1. Basic information about the patients and healthy controls 

Basic information
Total Control Case

P-value
n % n % n %

Age (years) 0.116
    ≤ 35 223 77.2 140 80.5 83 72.2
    > 35 66 22.8 34 19.5 32 27.8
BMI (kg/m2) 1.000
    ≤ 22.9 249 86.2 150 86.2 99 86.1
    > 22.9 40 13.8 24 13.8 16 13.9
Education 0.001
    College and above 199 68.9 96 55.2 103 89.6
    High school and below 90 31.1 78 44.8 12 10.4
Smoker 0.161
    No 284 98.3 169 97.1 115 100
    Yes 5 1.7 5 2.9 0 0
Alcohol consumption 0.070
    No 277 95.8 170 97.7 107 93.0
    Yes 12 4.2 4 2.3 8 7.0
Feeling pressure 0.329
    No 119 41.2 76 43.7 43 37.4
    Yes 170 58.8 98 56.3 72 62.6
Daily schedule 0.762
    Regular 233 80.6 139 79.9 94 81.7
    Irregular 56 19.4 35 20.1 21 18.3
Menarche (year) 0.128
    ≤ 14 217 75.1 125 71.8 92 80.0
    > 14 72 24.9 49 28.2 23 20.0
Menstrual status 1.000
    Regular 243 84.1 146 83.9 97 84.3
    Irregular 46 15.9 28 26.1 18 15.7
Reproductive history 0.037
    No 174 60.2 96 55.2 78 67.8
    Yes 115 39.8 78 44.8 37 32.2
Abortion history 1.000
    No 249 84.1 146 83.9 97 84.3
    Yes 46 15.9 28 16.1 18 15.7
Uses contraception 0.007
    No 251 86.9 159 91.4 92 80.0
    Yes 38 13.1 15 8.6 23 20.0
Family history of gynecological diseases 0.001
    No 246 85.1 158 90.8 88 76.5
    Yes 43 14.9 16 9.2 27 23.5



PAE metabolites in endometriosis patients

3810	 Int J Clin Exp Med 2016;9(2):3808-3819

recent years, more and more females of child-
bearing age have been diagnosed with EM, with 
an incidence rate between 5 and 15% being 
most prevalent in females aged between 25 to 
45 years of age [24]. 

Several studies suggested correlations be- 
tween EM and multiple environmental factors 

[25, 26] and PAE serum concentrations have 
been widely used as exposure markers [27-29]. 
Cobellis et al. analyzed the serum and perito-
neal fluid from 35 Italian women diagnosed 
with EM by High Performance Liquid Chro- 
matography (HPLC) and found that the DEHP 
concentration in the sera of EM patients was 
significantly higher than that in the control 

Figure 1. PAE analyzed in blood, urine and endometrial tissues of EM patients and controls. The compounds are 
shown on the left side of the figure and on the right their primary metabolites.
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group. The authors suggested a potential role 
of PAE in the pathogenesis of EM [17]. Reddy at 
al. validated the risk of PAE in promoting  
the pathogenesis of EM based on their research 
in India. They found similar results when  
comparing PAE concentrations in the serum  
of patients and healthy controls. Additionally,  
they further demonstrated that the serum  
level of PAE was positively correlated with  
the severity of EM [30]. In contrast, a Japanese 
study of 166 infertile women diagnosed wi- 
th EM failed to produce the same results  
when they analyzed urine samples [31]. De- 
spite the extensive use of PAE-related materi-
als in China, limited research has been  
conducted about correlations between PAE  
and EM and it remains a concern whether urine 
or serum PAE metabolite concentrations  
are directly correlated with the pathogenesis  
of EM.

In the present study, serum and urine samples 
as well as endometrial tissues were collected 
from outpatients diagnosed with EM and the 
PAE concentrations analyzed. Combined with 
multiple clinical indices, the effects of exposure 
to PAE on the pathogenesis of EM were 
evaluated.

Study population and methods

Study population

The study was approved by the ethical commit-
tee of the Hospital and written informed con-
sent was obtained from all participants. A total 
of 134 EM patients admitted to Shanghai First 
Maternity and Infant Hospital for surgery were 
included in the study from September 2011  
to September 2012 and their diagnoses  
were confirmed by postoperative pathological 
reports. Another 176 healthy random volun-
teers were recruited as the control group once 
diagnoses of related gynecological diseases 
were excluded for all these participants. Two 
trained physicians from the hospital conducted 
the survey and collected the required informa-
tion, including baseline characteristics and 
each women’s personal health history (Table 
1).

PAE analyses

Measured PAEs are listed in Figure 1. 

For all PAEs, standard solutions were created: 
0.5 µg/L, 1.0 µg/L, 5.0 µg/L, 10.0 µg/L and 

20.0 µg/L for blood as well as 5 ng/mL, 10 ng/
mL, 20 ng/mL, 100 ng/mL, 200 ng/mL and 
500 ng/mL for urine sample analyses (Sigma-
Aldrich, Shanghai, China). Sample dilutions 
were measured 5 times and linear-regression 
analyses performed to determine peak areas 
vs the concentration of each standard solution. 
Correlation coefficients were > 0.996.

Blood serum tests

3 mL blood was collected from 134 EM patients 
and 176 healthy volunteers and centrifuged at 
4,000 rpm for 10 min. Then 3 mL hexyl hydride 
was added to 1 mL serum and the mixture was 
again centrifuged at 4,000 rpm for 10 min. 5 
mL supernatant from 2 hexyl hydride mixtures 
were prepared for gas chromatographic analy-
sis and 1 mL serum hexyl hydride mixture ali-
quots were processed with a microfiltration 
membrane and a nitrogen blowing concentra-
tor at 40°C (ANPEL DC12). Finally, gas chroma-
tography (SHIMADZU GC2010 chromatograph) 
was used to analyze the samples with a pure 
sample acting as the control.

Processing of urine samples

20 mL morning urine samples from 133 EM 
patients and 158 controls were collected and 
stored at -40°C. 1 mL of thawed urine sample 
was transferred into a 10 mL glass tube and 
mixed with 20 µL β-glucuronidase (Helix poma-
tia > 2,000 Units, Sigma, Shanghai, China) 
solution and 2 mL ammonium acetate buffer 
solution (pH = 5). The glass tube was heated in 
water bath at 37°C for 3 hours after which 2 mL 
of 5% ammonium hydroxide was added to alka-
lify the reaction system. After that the samples 
were processed using a Solid Phase Extraction 
Column (SPE) (12 tubes-solid phase extraction 
apparatus, Supelco, USA). The urine samples 
passed through the SPE columns (previously 
activated with 5 mL methanol and 5 mL H2O) at 
a rate of 2 mL/min and were then washed with 
5 mL methanol, 5 mL H2O and 5 mL H2O solu-
tion containing 2% formic acid and 20% metha-
nol. The extraction apparatus was subjected to 
a vacuum until the air pressure dropped to 0.05 
Mpa, and then blow-dried. Subsequently, 5 mL 
of methanol containing 4% formic acid was 
used to wash out the sample remnants. The 
eluent solution was blow-dried in a 40°C water 
bath with gentle nitrogen flow (ANPEL DC12 
nitrogen blowing concentrator). 0.5 mL solu-
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tion, prepared by dissolving the solute in aceto-
nitrile/water (10/90, V/V), was then mixed for 
30 s (vortex mixer), centrifuged for 10 min (4°C, 
10,000 r/min), and the supernatant liquid was 
analyzed by UPLC-Q-TOF-MS (ultra-high perfor-
mance liquid chromatography-Quadrupole tan-
dem time-of-flight mass spectrometry, Waters, 
USA). According to the chromatographic behav-
iors and corresponding qualitative analysis, the 
test conditions were adjusted. The recovery 
rate and degree of precision (error value) were 
then calculated based on the standard curve, 
in order to determine the analysis conditions of 
the chromatography and mass spectrometry.

Detection of sex hormones in serum

Serum samples from EM patients were collect-
ed and analyzed by the endocrine laboratory in 
the Shanghai First Maternity and Infant 
Hospital. The levels of testosterone (T), estra-
diol (E2), follicle-stimulating hormone (FSH), 
progesterone (P), luteinizing hormone (LH) and 
prolactin (PRL) were quantified by direct chemi-
luminescent image analysis using a commer-
cial kit (Siemens medical diagnostic products 
co., LTD). According to the kit introductions and 
the laboratory conditions, the effective mea-
suring ranges for the 6 sex hormones (vide 
supra) were: (T) 0.01-1.5 ng/mL, (E2) 11.8-
3,000 pg/mL, (FSH) 0.3-200 IU/L, (P) 0.21-600 
ng/mL, (LH) 0.07-200 IU/L, (PRL) 0.3-200 ng/
mL.

Measurement of urine creatinine (deprotein-
ization)

The amounts of PAE metabolites measured 
directly could have been affected by an indi-
vidual’s urine output, so they were calibrated by 
the concentration of urinary creatinine in order 
to improve interpersonal comparability. Urinary 
creatinine levels were quantified using a creati-
nine kit (deproteinization) (Nanjing Jiancheng 
Technology Co., Ltd) as follows: urinary creati-
nine (g/L) = [(absorbance of the testing tube - 
absorbance of the blank tube) ÷ (absorbance of 
the standard tube - absorbance of the blank 
tube)] × concentration of the standard tube (50 
µmol/L) × 201 × 113.12 g/mol ÷ 1000,000 
µg/g; post-calibrated concentration of the PAE 
metabolites = pre-calibrated concentration of 
the PAE metabolites (ng/mL) ÷ urinary creati-
nine (g/L)

Collection and preservation of tissue samples

Pathological tissue samples were transferred 
into clean glass tubes immediately after resec-
tion, and normal saline was added to each tube 
to maintain the tissue osmotic pressure. After 
surgery, tissues were weighed, wrapped in alu-
minum foil, labeled and stored at -80°C.

EM tissue samples

1 g pathological specimen was cut into pieces 
and transferred into a tissue homogenate cup 
together with 1 mL of normal saline. The mix-
ture was fully homogenized using a high-speed 
tissue homogenizer at 20,000 r/min. The 
homogenate was then transferred into a 10 mL 
glass centrifuge tube and 2 mL of normal saline 
plus 3 mL of hexane added and then the mix-
ture blended by vortexing for 2 min and by ultra-
sound for 20 min. The tube was centrifuged for 
10 min at 4,000 rpm and the supernatant liq-
uid was removed and the above procedures 
repeated twice more. The final supernatant 
was collected and concentrated to 1 mL by 
nitrogen blowing at 40°C, and chromatographi-
cally purified with neutral alumina column 
chromatography.

The chromatographic column, filled with 20 g 
neutral alumina and 3 g anhydrous sodium sul-
fate, was balanced with normal hexane and a 
total of 1 mL of concentrated supernatant load-
ed. The eluent solution containing methylene 
chloride/ethyl acetate (3:2 ratio) was injected 
slowly. The elution flow rate was set at 2-3 mL/
min and 30 mL of eluent solution was collected 
and concentrated into 5 mL by nitrogen blow-
ing, and then dried in a 10 mL glass centrifuge 
tube by further nitrogen blowing at 40°C. 
Finally, the product was dissolved in 200 µL 
normal hexane and the contents measured 
using gas chromatography. The peak areas of 
DEP, DBP and DEHP in different standard solu-
tions were recorded with the injection volume 
set at 1 µL. The mean peak areas for the plasti-
cizers were calculated in order to plot a working 
curve. The area of the blank control was sub-
tracted from the peak area of each plasticizer, 
for which the regression equation was gener-
ated against the concentrations of the stan-
dard solutions in each sample. According to the 
condensation ratio of the eluent solution, the 
lowest detection threshold was then deduced 
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(0.1 µg/g). It was confirmed that the linear cor-
relations were satisfactory for DEP, DBP and 
DEHP when the concentrations fell in the range 
between 0.5 µg/L and 100.0 µg/L, and the cor-
relation coefficient for each was > 0.996. 
Contamination from extra amino acids, poly-
peptides and proteins in the pathological tis-
sues could be removed using this approach, in 
order to ensure a lower background noise and 
higher column efficiency in the separation of 
chromatographic peaks.

Statistical analysis

All analyses were performed with SPSS for 
Windows (Version 16.0. Chicago, SPSS Inc.). 

The Pearson chi-squared test was used to com-
pare the detection rates in different groups; 
neither the amounts of PAE in the serum sam-
ples or the concentrations of the post-calibrat-
ed PAE metabolites in the urine samples were 
normally distributed. A t-test was performed for 
each of them based on the geometrical mean 
values (GM), after the raw results were trans-
formed with natural logarithms; the measure-
ments of PAE in the pathological tissues obeyed 
the skewed distribution and the GM values 
were analyzed after the natural logarithm trans-
formation, instead of arithmetic mean (AM) val-
ues. A nonparametric Spearman correlation 
analysis was performed for all the correlation 
analyses of the continuous data of abnormal 

Table 2. Concentrations of PAE and PAE metabolites in serum (mg/L), urine (ng/mL) and resected 
pathological endometrium tissues (µg/gr) 

Control Patients
Serum N Detection rate GM Median N Detection rate GM Median 
DEP 176 26 (14.8%) 0.060 N/A 134 22 (16.4%) 0.064 N/A
DBP 176 163 (92.6%) 0.171 0.19 134 132 (98.5%)* 0.304## 0.35
DEHP 176 163 (92.6%) 0.163 0.16 134 127 (94.8%) 0.200## 0.21
T (ng/mL) 106 0.45 0.51
E2 (pg/mL) 106 107.2 51.80
FSH (IU/L) 98 5.67 6.17
P (ng/mL) 106 0.795 0.74
LH (IU/L) 106 6.26 6.43
PRL (ng/mL) 105 14.025 16.16
Urine
    MMP 158 19.08 17.17 133 19.71 17.51
    MEP 158 11.79 11.11 133 6.89** 6.96
    MiBP 158 20.98 21.99 133 9.53** 10.37
    MnBP 158 19.18 20.64 133 9.08** 9.67
    MEHP 158 4.45 4.32 133 36.26** 36.61
    MEOHP 158 2.29 4.63 133 0.96** 2.26
    MEHHP 158 7.09 7.19 133 5.32* 4.43
    MECPP 158 9.40 9.20 133 7.56 6.43
    MCMHP 158 7.35 16.01 133 10.23 17.36
    ∑DEHP 158 30.58 41.35 133 60.33** 67.09
Pathological tissue
    DEP N/A N/A N/A N/A 130 0 (0%) 0.050 -
    DBP N/A N/A N/A N/A 130 117 (90.0%) 0.686 0.72
    DEHP N/A N/A N/A N/A 130 129 (99.2%) 2.351 2.57
∑DEHP=MEHP+MEHHP+MEOHP+MECPP+MCMHP; Mono-(2-ethyl-5-hexyl) phthalate (MEHP); Mono-(2-ethyl-5-hydroxyhexyl)
phthalate (MEHHP); Mono-(2-ethyl-5-oxo-hexyl) phthalate (MEOHP); Mono(2-ethyl-5-carboxypentyl) phthalate (MECPP); 
Mono-(2-carboxymethyl)hexyl phthalate (MCMHP); Mono-benzyl phthalate(MBzP); Mono-ethyl phthalate (MEP); Mono-iso-butyl 
phthalate (MiBP); Mono-n-butyl phthalate (MnBP); Dibutyl phthalate (DBP); Diethyl phthalate (DEP); Diheptyl phthalate (DHEP); 
testosterone (T); estradiol (E2); follicle-stimulating hormone (FSH); progesterone (P); luteinizing hormone (LH); prolactin (PRL); 
geometrical mean (GM); *P < 0.05, **P < 0.01 compared to control with Pearson chi-square test; ##P < 0.01 compared to 
control with t-test.
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distributions, including the analyses for the 
amounts of PAE metabolites in the urine, serum 

PAE, sex hormones or the analysis of PAE levels 
in pathological tissue. When analyzing correlat-

Table 3. Levels of PAE in the serum and correlations with various baseline characteristics
Serum DEP Serum DBP Serum DEHP

N Calibrated GMb Calibrated GMb Calibrated GMb

Group
    Control 174 0.062 0.167 0.165
    Patients 115 0.059 0.327** 0.192*

Age (years)
    ≤ 35 223 0.062 0.217 0.178
    > 35 66 0.057 0.222 0.168
BMI (kg/m2)
    ≤ 22.9 249 0.062 0.217 0.175
    > 22.9 40 0.057 0.226 0.179
Education
    High school and below 90 0.051 0.229 0.159
    College and above 199 0.066** 0.214 0.183
Smoker
    No 284 0.061 0.218 0.175
    Yes 5 0.053 0.209 0.205
Alcohol consumption
    No 177 0.061 0.220 0.174
    Yes 12 0.057 0.194 0.210
Feeling pressure
    No 119 0.065 0.218 0.177
    Yes 170 0.059 0.218 0.174
Daily schedules
    Regular 233 0.061 0.221 0.173
    Irregular 56 0.062 0.209 0.184
Menarche (year)
    ≤ 14 217 0.060 0.217 0.176
    > 14 72 0.064 0.224 0.173
Menstrual status
    Regular 243 0.062 0.220 0.179
    Irregular 46 0.059 0.210 0.160
Reproductive history
    No 174 0.061 0.220 0.180
    Yes 115 0.061 0.217 0.168
Abortion history
    No 249 0.061 0.218 0.179
    Yes 40 0.062 0.223 0.158
Uses contraceptives 
    No 251 0.061 0.222 0.176
    Yes 38 0.063 0.194 0.174
Family history of gynecological diseases
    No 246 0.060 0.219 0.174
    Yes 43 0.068 0.214 0.187
Post-calibrated GMb: generalized linear models (GLM) were used to generate the post calibrated GM. When analyzing a certain 
factor, this single factor was set as a fixed variable and the other factors were regarded as concomitant variables (*P < 0.05, 
**P < 0.01).
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ing factors for PAE serum, urine or patholo- 
gical tissue concentrations, t-tests were per-
formed based on the GM values. Furthermore, 
generalized linear models (GLM) were adopted 
in the analysis after correction for other 
factors

Results

Baseline characteristics of participants 

There were no significant differences in base-
line characteristics between the two groups, 

Table 4. Levels of PAE in urine and correlations with various baseline characteristics

N
MMP 
(μg/g 

Cr)

MEP 
(μg/g 

Cr)

MnBP 
(μg/g 

Cr)

MiBP 
(μg/g 

Cr)

MEHP 
(μg/g 

Cr)

MEOHP 
(μg/g 

Cr)

MEHHP 
(μg/g 

Cr)

MECPP 
(μg/g 

Cr)

MCMHP 
(μg/g 

Cr)

∑DEHP 
(μg/g 

Cr)
Group

    Control 157 38.51 22.22 36.86 32.98 8.41 3.82 13.13 17.41 13.59 87.97

    Patients 115 52.40# 19.53 30.42 30.20 110.72## 3.48 16.44 23.03 32.01# 250.64##

Age (years)

    ≤ 35 206 41.89 21.33 34.43 31.44 25.43 3.77 14.50 20.05 16.93 139.63

    > 35 66 50.70 20.15 32.56 32.82 23.69 3.39 14.25 18.30 30.48 129.15

BMI (kg/m2)

    ≤ 22.9 232 42.78 20.29 33.18 31.88 25.20 3.78 14.60 19.89 18.80 137.41

    > 22.9 40 50.75 26.02 39.02 31.19 23.88 3.09 13.53 18.03 24.22 134.42

Education

    High school and below 89 52.98 31.25 54.65 55.65 32.49 8.17 22.60 30.39 31.94 201.95

    College and above 183 40.04 17.36## 26.98## 24.19## 22.00# 2.49## 11.61## 15.83## 15.36 113.41##

Smoker

    No 267 43.95 21.20 33.92 31.63 24.98 3.63 14.38 19.49 19.34 136.59

    Yes 5 40.21 13.83 37.11 39.53 26.10 6.69 18.12 26.23 32.52 155.56

Alcohol consumption

    No 260 43.68 21.01 33.99 31.75 25.28 3.70 14.72 19.97 19.79 139.49

    Yes 12 47.89 21.43 33.82 31.79 19.57 3.19 9.59 13.07 14.53 92.85

Feeling pressure

    No 108 45.47 21.87 29.46 32.20 22.83 4.33 15.86 20.49 21.59 142.31

    Yes 164 42.86 20.51 37.30 31.50 26.55 3.29 13.57 19.03 18.27 133.62

Daily schedules

    Regular 217 44.30 20.47 32.52 31.25 23.97 3.19 13.41 18.45 19.69 132.29

    Irregular 55 42.22 23.48 40.41 33.95 29.46 6.41 19.30# 24.93 18.86 156.80

Menarche (year)

    ≤ 14 201 46.06 20.97 33.12 30.97 24.98 3.31 14.44 19.49 22.58 140.61

    > 14 71 38.24 21.22 36.53 34.19 25.08 4.94 14.43 19.91 12.94 127.10

Menstrual status

    Regular 229 44.84 20.95 33.45 31.37 25.36 3.43 14.27 19.24 21.03 136.05

    Irregular 43 39.06 21.56 36.89 33.95 23.20 5.30 15.39 21.59 13.14 142.17

Reproductive history

    No 157 47.04 21.59 36.23 33.58 23.78 3.70 14.34 19.55 15.82 133.89

    Yes 115 39.88 20.31 31.12 29.46 26.79 3.64 14.57 19.67 26.02 141.17

Abortion history

    No 232 43.47 20.76 35.91 33.21 25.61 3.91 14.61 19.77 20.11 138.52

    Yes 40 46.25 22.78 24.61 24.61 21.74 2.55 13.46 18.67 16.41 128.25

Uses contraceptives 

    No 234 43.25 20.64 35.91 32.85 25.25 3.86 13.96 19.01 17.24 132.29

    Yes 38 47.94 23.74 24.19 25.87 23.50 2.69 17.81 23.69 41.93 169.52

Family history of gynecological diseases

    No 229 43.73 20.80 34.78 33.08 24.22 3.14 13.59 18.60 18.47 132.56

    Yes 43 44.70 22.31 30.02 25.61 29.58 8.41# 19.95 25.92 26.29 162.88
Note: All PAEs (μg/gCr) are shown as post-calibrated geometrical mean (GM), which was used for generalized linear models (GLM). (When analyzing one certain factor, it was 
set as a fixed variable and the other factors were regarded as concomitant variables). #P < 0.05, ##P < 0.01 compare to control or correspondinggroup.
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including abortion history, menstrual status, 
menarche, alcohol consumption, feeling pres-
sure and daily schedule. The ages of the 
research subjects ranged from 17 to 56 years 
and had a skewed distribution, with 35 years 
being set as the boundary of the age classifica-
tion. The degree of obesity was determined 
based on BMI values, with 22.9 defined as the 
overweight cut-off according to Asian standards 
[32]. However, there were significant differenc-
es regarding reproductive history, contracep-
tives consumption and the family history of 
gynecological diseases between EM patients 
and the control group (Table 1). In addition, 

educational levels were also obviously different 
between the two groups (P < 0.05). 

Concentration of PAE (DEP, DBP, DEHP) and 
PAE metabolites in serum, urine and pathologi-
cal tissues 

The GM values of serum concentrations of DBP 
and DEHP in the patient group were obviously 
higher than in the control group (P < 0.05) and 
the detection rate of serum DBP and DHEP 
were as high as 92.6-98.5%. In contrast, the 
detection rate of DEP was very low and ranged 
from 0-16.4%. The urine concentration of PAE 
metabolites (MEP, MiBP, MnB, MEOHP, MEHHP 
and MECPP) was significantly lower in the 
patient group, while the concentrations of 
MEHP and ∑DEHP were significantly increased. 
The detection rates of DBP and DEHP in patho-
logical tissues were similar to serum but the 
concentrations were tissues were 4 and 14.4 
times higher than in the serum respectively 
(Table 2). T, E2, FSH, P, LH and PRL serum con-
centrations in EM patients did not correlate 
with PAE concentrations, but there was a posi-
tive correlation between PAE levels in patho-
logical tissues and serum levels of E2 and LH (r 
= 0.216, P = 0.029; r = 0.210, P = 0.034). 

Comparison of the PAE metabolite concentra-
tions in sera of EM and control subgroups 

Concentrations of serum DEP and DEHP in EM 
patients were much higher than in the control 
group, and the concentrations of serum DEP 
were significantly affected by education, being 
lower in higher educated people (Table 3).

Comparison of PAE metabolite concentrations 
in urine samples of EM and control subgroups

In urine samples taken from patients, the con-
centrations of MMP, MEHP MCMHP and ∑DEHP 
were significantly higher than in the controls. 
Education significantly correlated with the con-
centrations of PAE metabolites in research sub-
jects. In this study, the subjects in the subgroup 
“college and above” had much higher urine 
concentrations of PAE metabolites than the 
subgroup “high school and below”, including 
MEP, MnBP, MiBP, MEHP, MEOHP, MEHHP, 
MECPP and ∑DEHP (Table 4). 

We found that the concentration of serum DBP 
was negatively correlated with the concentra-
tions of serum MiBP, MnBP and MEOHP (P < 

Table 5. Correlation analysis of the levels of PAE 
metabolites (μg/g Cr) in urine and PAE (μg/mL) in 
serum
Metabolites Serum DEP Serum DBP Serum DEHP
MMP
    r -0.027 0.001 -0.013
    P 0.649 0.988 0.823
MEP
    r -0.035 -0.107 -0.087
    P 0.556 0.068 0.137
MiBP
    r -0.063 -0.173 -0.098
    P 0.281 0.003 0.094
MnBP
    r -0.141 -0.128 -0.130
    P 0.016 0.029 0.026
MEHP
    r -0.034 0.386 0.122
    P 0.563 0.000 0.037
MEOHP
    r -0.068 -0.118 -0.130
    P 0.250 0.045 0.026
MEHHP
    r -0.030 -0.048 -0.105
    P 0.616 0.410 0.075
MECPP
    r -0.056 -0.059 -0.102
    P 0.343 0.313 0.084
MCMHP
    r 0.049 0.039 -0.009
    P 0.406 0.504 0.872
∑DEHP
    r -0.032 0.145 -0.105
    P 0.589 0.014 0.803
∑DEHP = MEHP + MEHHP + MEOHP + MECPP + MCMHP.
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0.05), and positively correlated with the con-
centration of MEHP and ∑DEHP (P < 0.05); the 
concentration of DEHP in serum was negatively 
correlated with the concentrations of MnBP 
and MEOHP (P < 0.05), and positively correlat-
ed with the concentration of MEHP (P < 0.05). 
The data shows that elevated DBP and DEHP 
concentrations in the serum of patients is relat-
ed to a significant decrease in urine MnBP and 
MEOHP concentrations, and a significant 
increase in MEHP urine concentration (Table 
5). 

Discussion

The detection rate of DEP in EM patient sam-
ples was low, while the detection rate of DBP 
and DEHP were higher, especially for DEHP 
where the detection rate was close to 100% in 
endometrial tissue. The concentration of DEHP 
was also higher compared with DBP. This find-
ing may be explained by the extensive usage of 
DEHP products in China, which is added into 
the production of polyvinyl chloride (PVC) mate-
rials as plasticizers. PVC is widely utilized in 
commercial products, including food packag-
ing, floor and decoration materials, as well as in 
medical equipment, whereas DBP and DEP 
(lower molecular weights) are used as solvents 
or as the plasticizer of cellulose acetate. These 
chemicals are added in the production of paint, 
personal care supplies, and to pharmaceuti-
cals in order to prolong the characteristics of 
drug release from formulations in vivo. 

In the present study, we found that the serum 
levels of DBP and DEHP in EM patients were 
significantly higher than in the healthy control 
group (P < 0.05), and that the detection rate 
was > 90% in both groups. These findings sug-
gest that DBP and DEHP serum concentrations 
are viable parameters to measure PAE contami-
nation, which indeed was significantly higher in 
EM patients.

Our findings are in agreement with a previous 
study which reported enhanced DEHP serum 
concentrations in EM patients [17]. In the latter 
study, the peritoneal fluid of EM patients was 
found to contain higher levels of DEHP and its 
metabolite MEHP, which is in accord with our 
data about enhanced MEHP urine concentra-
tions in EM compared to the controls (4.54 vs 
36.26 mg/mL, P < 0.01) and the high DEHP 
concentrations in resected endometrial tissue. 
Our study revealed that various metabolites of 

PAE in urine can easily be detected by the 
UPLC-Q-TOF-MS method and that levels of 
MEHP and ∑DEHP in urine were significantly 
increased in EM patients. After uptake of PAE, 
they are converted by hydrolytic enzymes in the 
blood into monoesters [33], which are secreted 
into urine within hours of glucuronidation [34], 
accounting for the high DEHP serum and 
∑DEHP urine concentrations in EM patients. 

Huang et al. reported that the level of MnBP in 
28 patients with EM was significantly higher 
than in the 29 subjects of the control group in 
Taiwan (P < 0.05), but he attributed the higher 
levels to a defect of glutathione S-transferase 
M1 [35]. Kim et al. examined the levels of 
serum DEHP and MEHP in 97 advanced-stage 
EM patients and 169 control subjects and 
found that both DEHP and its metabolite MEHP 
were significantly increased in patient serum 
[36], which was also supported by another 
study in which enhanced DEHP serum levels 
(beside other PAE) was significantly correlated 
with the degree of EM severity [30]. The 4 times 
and 14.4 times higher than serum DBP and 
DEHP concentrations in endometrial tissue 
suggest that these chemicals accumulate in 
this tissue, but as far as we are aware there is 
no reference for this finding in the published lit-
erature. Since both DBP and DEHP exhibit 
estrogenic effects in MCF7 cells [37], we sug-
gest that the chemicals activated estrogen 
receptors in endometrial tissue, which led to an 
accumulation by an as yet unidentified mecha-
nism. Thus, further analyses into this important 
area of clinical concern will be necessary.

In this study, we showed that the incidence of 
EM was lower in women with a more advanced 
education, which was accompanied by signifi-
cantly enhanced PAE metabolite concentra-
tions particularly in the urine of lower educated 
women (Table 4). This finding may be explained 
by different food consumption behaviors, since 
common cheap food particularly for lunch and 
breakfast in big Chinese cities is usually deliv-
ered in plastic containers and bags, which is 
not the case for restaurant food, the preferred 
meals of higher educated people. It is also 
known that microwave heating of food in plastic 
containers increases the migration of PAEs into 
the foodstuff [38]. In summary, DBP and DEHP 
were detected in > 90% of all participants, 
whereas DEP detection ranged from 0-16.4%. 
DBP and DEHP serum concentrations were sig-
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nificantly higher in EM patients than in control 
subjects. Accordingly, particularly ∑DEHP urine 
concentrations were significantly enhanced in 
EM patients, and DBP and DEHP levels in 
resected endometrial tissues of EM patients 
were 2.3 times and 11.8 times higher than 
their blood serum levels respectively. Our anal-
yses further revealed that PAE uptake was 
higher in women with lower educational levels 
compared to higher educated women. 
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