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Abstract
Endometriosis is a common gynecologic disease, worldwide, whose true prevalence is 
uncertain because it is a difficult disease to diagnose. Endometriosis is a common cause 
of chronic pelvic pain, dysmenorrhea, and infertility, and is also associated with ovarian 
cancer. Although the risk factors for endometriosis are unclear, there is increasing evidence 
that exposure to environmental contaminants, especially phthalates, could affect the 
pathogenesis of endometriosis. Phthalates are industrial chemicals, used to make flexible 
plastics, and are present in numerous common plastic products, including medical devices 
and materials. Several in vitro studies have suggested a positive association between 
exposure to phthalate, or phthalate metabolites, and the risk of endometriosis. Since the 
2000s, studies based on human plasma and urinary concentrations of various phthalate 
metabolites have been published, but there are still limitations to our understanding of the 
pathophysiology of phthalates and endometriosis. This report aims to review the current state 
of knowledge about a possible role of phthalates in the pathogenesis of endometriosis based 
on cell culture, animal models, and human data.
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INTRODUCTION

Endometriosis is defined as the presence of endometrial tissue outside the uterus, mainly in the 
pelvic cavity (Zondervan et al., 2018). It is an estrogen-dependent disease, related to reproductive age 
(Kitawaki et al., 2002), whereby endometrial-like cells result in a localized inflammatory response, 
causing pelvic adhesion (Klemmt & Starzinski-Powitz, 2018). For complex pathophysiological reasons, 
endometriosis can induce chronic pelvic pain, dysmenorrhea and infertility, and is also associated with 
ovarian cancers, such as clear cell or endometrioid carcinomas (Herreros-Villanueva et al., 2019). The 
worldwide prevalence of endometriosis is approximately 10% of women of reproductive age (Shafrir 
et al., 2018), but the true prevalence is uncertain because it is difficult disease to diagnose. Diagnosis of 
endometriosis follows surgical assessment, but not all patients require surgery because the symptoms 
are variable, and there are no effective biomarkers available (Zondervan et al., 2020). 

Although it is still unclear how endometriosis develops and progress, evidence is growing that 
exposure to environmental contaminants, especially phthalates, might affect its pathogenesis. Phthalates 
are diesters of phthalic acid, and are often used in the plastics industry to make plastics flexible and 
to solubilize other agents. They are present in numerous everyday products, such as plastics, vinyl, car 
products, ink, soap and shampoo (CDC, 2009). Exposure to phthalates is mainly through ingestion, 
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and they are hydrolyzed by the digestive system into a form of monoester, absorbed, oxidized and 
excreted in urine (Frederiksen et al., 2007). The phthalate diester, di-2-ethylhexyl phthalate (DEHP) 
is of particular interest and concern because it is found in many plastic products, vinyl materials, 
furniture, and toys, as well as medical devices, including blood storage bags which have direct 
exposure to the bloodstream (ATSDR, 2002).

Several animal studies have shown that DEHP can act as an endocrine disruptor and that it 
affects the reproductive system and fertility, for example, by inducing testicular atrophy, increasing 
complications in pregnancy and suppressing estrogen production (Lovekamp-Swan & Davis, 
2003; Jarfelt et al., 2005; Schmidt et al., 2012). The fact that DEHP can alter estrogen synthesis has 
provoked studies on its role in endometriosis, because it is an estrogen-dependent disease. Research 
based on in vitro studies has suggested a positive association between exposure to phthalate, or 
phthalate metabolites, and the risk of endometriosis (Kim et al., 2010; Scsukova et al., 2016). Since 
the 2000s, studies have been published on the concentration of various phthalate metabolites in 
human plasma (Cobellis et al., 2003; Reddy et al., 2006), and on urinary concentrations of phthalate 
monoester metabolites (Barr et al., 2003; Kim et al., 2015). However, there are still some limits to 
our knowledge of the pathophysiology of phthalates in endometriosis. This review aims to evaluate 
the risk of exposure to phthalate esters in the development of endometriosis, based on current data.

1. CEll CUlTURE DATA

By in vitro treatment of endometrial cells with phthalate esters, it can be shown that phthalates 
are a possible risk factor for endometriosis. A cell viability assay was performed on both DEHP-
treated Ishikawa cells and endometrial stromal cells (ESCs), and the study showed increased 
viability and resistance to a toxic level of hydrogen peroxide. This supports the pathological theory 
that DEHP exposure to endometrial cells can increase their viability, thus promoting endometriosis 
outside the uterus, under stress of the immune cell response (Kim et al., 2010). 

In another cell culture study, Wang et al. (2010) proved that DEHP and mono-2-ethylhexyl 
phthalate (MEHP) impaired the secretion of prostaglandin (PG) from ESCs and oxytocin 
from ovarian cells. When ESCs were cultured with different levels of DEHP and MEHP, 
PGF2αincreased proportionally, but PGE2 decreased. Granulosa and luteal cells (from ovarian 
follicles) were treated with DEHP and MEHP, which was found to increase oxytocin secretion 
significantly. This study suggested that the levels of prostaglandin and oxytocin, which are estradiol-
dependent hormones, are altered by phthalate esters, and this could affect the estrous cycle. Further 
studies are needed to elucidate the association between prostaglandins, oxytocin and endometriosis. 
Also, in this study, DEHP- and MEHP-treated ESCs and ovarian cells did not suffer reduced 
viability in the MTT assay, which seems to be consistent with the previous study by Kim et al. (2010). 

Oxidative stress is known to be associated with endometriosis (Carvalho et al., 2012), and a 
study has demonstrated that DEHP causes oxidative stress in ESCs, in vitro (Cho et al., 2015). 
ESCs were stained with the peroxide-sensitive fluorescent probe, DCF-DA (2,7-dichlorofluorescein 
diacetate) and found significantly increased DCF fluorescence in cells treated with DEHP, which 
signifies the generation of reactive oxygen species (ROS). Concurrently, real-time PCR was used 
to show a decrease in antioxidant enzymes, such as superoxide dismutase (SOD), glutathione 
peroxidase (GPx), heme oxygenase (HO), and catalase (CAT). This study also elucidated the 
molecular mechanism leading to oxidative stress, by detecting increases in the signaling pathways 
of mitogen-activated protein kinase (MAPK) and nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-kB), following DEHP exposure. Since oxidative stress is associated with 
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increased ROS, the disruption of defense mechanisms (antioxidant enzymes), and activated 
MAPK/NF-kB signaling (Klaunig et al., 2010), this study indicates that DEHP causes oxidative 
stress in ESCs, which results in endometriosis. In addition, as DEHP treatment also increased 
mRNA expression of estrogen receptor-α (ER-α) in ESCs, the study suggested that the change 
in ER-α, triggered by DEHP, could be the initial mediator of MAPK/NF-kb signaling. 

Based on the previous model, further studies were conducted using DEHP and various 
biological indicators that may cause endometriosis. Matrix metalloproteinases (MMPs) are 
enzymes that regulate the physiological changes of endometrial cycling, by vascular formation and 
remodeling, and are known to increase their activity in endometriosis (Chen et al., 2013). Several 
studies have confirmed that the expression of MMP-2 and MMP-9 increases in ectopic and 
eutopic endometrial tissue of patients with endometriosis (Chung et al., 2002; Collette et al., 2006). 
Our own in vitro study demonstrated that MMP-2 and MMP-9 activities were significantly 
increased in DEHP-treated Ishikawa cells and ESCs (Kim et al., 2015). In addition, we found that 
DEHP exposure increased the phosphorylation of extracellular signal-regulated kinase (Erk) and 
the expression of p21-activated kinase 4 (Pak4). Both of these biological indicators are assumed 
to be related to endometriosis by increasing cell proliferation and resistance to apoptosis (Murk et 
al., 2008; Kim et al., 2013). Our study also used the invasion assay to show that DEHP increased 
cellular invasiveness. 

Cell culture studies provide a possible pathogenesis, that phthalate causes endometriosis by 
altering various biological markers and increasing cell viability to penetrate the pelvic cavity. 

2. ANImAl DATA

Animal models have been used to provide a basis for how phthalates might disrupt the female 
reproductive system. Exposure to DEHP has been shown to change the level of serum estradiol, 
to increase ovarian and uterine weights, and to alter the number of ovarian follicles (Tomonari et 
al., 2006; Hannon et al., 2014). Such disruption of the endocrine mechanism can induce various 
female reproductive disorders, such as anovulation, polycystic ovaries, infertility and abortion (Davis 
et al., 1994; Lovekamp-Swan & Davis, 2003; Schmidt et al., 2012). It is only recently that studies 
of endometriosis have been conducted in animals. 

To our knowledge, our study published in 2015 is the first animal study to reveal the relationship 
between phthalates and endometriosis (Kim et al., 2015). Ovariectomized mice were implanted 
with fragments of human endometrial tissue, into the end of the caudal superficial epigastric vein 
(located on the abdominal wall). After two weeks of treatment with DEHP or vehicle alone, the 
resultant ectopic, peritoneal endometriotic lesions were of significantly higher volume in DEHP-
treated mice compared to the control group. Also, in endometrial tissue of DEHP-treated mice, 
biological markers increased indicating cellular proliferation and invasiveness, such as MMP-2, 9 
and Pak4, were increased. This study provided clear evidence that DEHP causes endometriosis. 

In another mouse study, using uterine tissue sections, DEHP was found to alter uterine 
functions (Richardson et al., 2018). In this study, mice were exposed to different concentrations 
of DEHP for 30 days. DEHP caused the dilation of endometrial blood vessels and increased the 
proliferation of ESCs, at almost all dosages (200 μg/kg/day–200 mg/kg/day). At the highest dosage 
(200 mg/kg/day) of DEHP, the number of uterine glands increased. However, a low dosage (200 
μg/kg/day) reduced the proliferation of ESCs. This result suggested that DEHP, at various exposure 
levels, can adversely affect uterine and endometrial cell function. 

A recent study has been conducted on chronic, low-dose DEHP exposure in mice (Kim et al., 
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2019). Mice were given diluted doses of DEHP (133 or 1,330 μg/L) in drinking water, for a period 
of 10 weeks. Later, their uteri were dissected, and ESCs were found to have significantly increased 
in both DEHP-administered groups. This study also showed that localization of steroid hormone 
receptors in endometrial tissue was changed by DEHP. 

The previous two studies are not directly related to DEHP and endometriosis, but have proved 
that DEHP causes a change in the endometrial environment. Considering that endometriosis is 
caused by altered ectopic endometrial cells, these animal studies may provide a basis for the notion 
that DEHP can cause endometriosis. 

3. HUmAN DATA

Many studies have been published on the concentrations of various phthalate metabolites in 
human plasma and urine (Table 1). In 2003, a study was published of the association between 
plasma concentrations of phthalate esters and the occurrence of endometriosis in women 
(Cobellis et al., 2003). Plasma concentrations of DEHP were significantly higher in patients with 
endometriosis than in controls, and 92.6% of patients showed detectable DEHP and MEHP 
levels in peritoneal fluid, obtained during surgery. Since then, some studies have measured DEHP 
in blood samples from patients with endometriosis. Reddy et al. (2006) discovered an increase 
in the level of various phthalate esters, including DEHP, in infertile women with endometriosis. 
In addition, Kim et al. (2011) found that plasma concentrations of MEHP, the main hydrolysis 
metabolite of DEHP, were significantly high in patients with advanced-stage endometriosis. In this 
prospective case-control study, all 266 patients have undergone gynecological benign surgery, of 
which 97 patients have been diagnosed with endometriosis stage 3 or stage 4, and 197 patients have 
been assigned to control group without endometriosis. Patients with minimal or mild endometriosis 
and adenomyosis were excluded. In this study, MEHP and DEHP levels were significantly high in 

Table 1. Characteristics of the studies of human data

Study, Year Study design No. of case/control Samples Metabolites Results of  
endometriotic patients

Cobellis et al., 2003 Case-control 35/24
Blood

DEHP, MEHP
Higher plasma DEHP 

Peritoneal fluid Detectable peritoneal fluid 
DEHP and/or MEHP 

Reddy et al., 2006 Case-control 49/38 Blood BBP, DEHP, DnBP, DnOP Higher BBP, DEHP, DnBP, 
DnOP

Kim et al., 2011 Case-control 97/169 Blood DEHP, MEHP Higher DEHP, MEHP

Buck Louis et al., 2013
Cohort (Population) 14/113 Urine

MBP, MBzP, MCHP, 
MCMHP, MCPP, MECCP, 
MEHHP, MEHP, MEOHP, 
MEP, MIBP, MMP, MNP, 

MOP

Two fold higher MBP, MCMHP, 
MECPP, MEHP, MEHHP, 

MEOHP

Cohort (Operatvie) 190/283 Urine Higher MEHP, MOP, 

Kim et al., 2015 Cohort 55/33 Urine MBzP, MECCP, MEHHP, 
MEOHP, MnBP

Higher MEHHP, MEOHP, Log 
MECPP, Log MEHHP, Log 

MEOHP

Itoh et al., 2009 Case-control 57/80 Urine MBzP, MEHHP, MEHP, 
MEOHP, MEP, MnBP No significant association

Weuve et al., 2010 Case-sectional 87/1020 Urine MBP, MBzP, MEHHP, 
MEHP, MEOHP, MEP Higher MBP, Lower MEHP

DEHP, di-2-ethylhexyl phthalate; BBP, butyl benzyl phthalate; DnBP, di‐n‐butyl phthalate; DnOP, di‐n‐octyl phthalate; MBP, mono-n-butyl phthalate; MBzP, monobenzyl phthalate; 
MCHP, monocyclohexyl phthalate; MCMHP, mono-2-carboxymethyl hexyl phthalate; MCPP, mono-3-carboxypropyl phthalate; MECCP, mono-2-ethyl-5-carboxyphentyl phthalate; 
MEHHP, mono-2-ethyl-5-hydroxyhexyl phthalate; MEHP, mono-2-ethylhexyl phthalate; MEOHP, mono-2-ethyl-5-oxohexyl phthalate; MEP, monoethyl phthalate; MIBP, mono-2-isobutyl 
phthalate; MMP, monomethyl phthalate; MnBP, mono-n-butylphthalate; MNP, monoisonoyl phthalate; MOP, monooctyl phthalate.
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the endometriosis group, but there was no difference between stage 3 and stage 4 of endometriosis. 
Also, in a control group, there was no difference in MEHP or DEHP between subgroups. 

However, these studies on the use of blood samples have limitations, caused by the potential for 
laboratory contamination with phthalates while using medical devices such as intravenous medical 
tubing and blood storage bags. Phthalate diesters are rapidly hydrolyzed to monoesters and then 
excreted in urine, via various oxidative metabolisms. Studies have shown that oxidized metabolites 
of DEHP, such as mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) and mono-(2-ethyl-
5-oxohexyl) phthalate (MEOHP), are detected in urine at higher concentrations than MEHP 
(Barr et al., 2003; Kato et al., 2004). Based on several studies, the Centers for Disease Control and 
Prevention (CDC) introduced urinary phthalate metabolites as a sensitive biomarker for exposure 
to phthalate diester (CDC, 2009).

A large, multicenter cohort study was conducted to reveal the relationship between the phthalate 
metabolites in urine and endometriosis. This study found a twofold or higher urine concentration 
for six phthalate metabolites, including MEHP, MEHHP, and MEOHP, in the population cohort 
(n=131), where endometriosis was diagnosed with magnetic resonance imaging (MRI). Two 
phthalates, monooctyl phthalate (MOP) and MEHP, were found to be increased in the operative 
cohort (n=495) when undergoing surgery (Buck Louis et al., 2013). In our recent prospective cohort 
study we included 55 patients who underwent surgery and were diagnosed with advanced stage 
endometriosis, and we also found that MEHHP and MEOHP were associated with endometriosis 
(Kim et al., 2015). However, some studies have shown an inverse association between some urinary 
metabolites and endometriosis (Itoh et al., 2009; Weuve et al., 2010). Cai et al. (2019) published 
a meta-analysis of the association between five phthalate metabolites and endometriosis, which 
reviewed eight studies and concluded that MEHHP was associated with endometriosis, especially 
in Asia, whereas four other metabolites, including MEOHP and MEHP, were not (Cai et al., 
2019). However, this meta-analysis had some limitations, as it included studies analyzing different 
types of phthalate metabolites, some of which had inadequate control selections. More research on 
urine samples should be done, to prove the relationship between phthalate and endometriosis, and 
to find sensitive biomarkers. 

CONClUsION

In this review, the possible association between phthalate esters and endometriosis has been 
discussed, using evidence from studies carried out in cell culture, in animal models and in humans. 
Based on a number of studies, a potential mechanism of action for phthalate esters on cells can be 
seen as involving oxidative stress, inflammatory enzymes, and hormone receptors in cell membranes 
(Fig. 1). It is also assumed that these interrelated signals increase the viability, resistance and 
proliferation of cells, causing endometriosis, but there are still many unknown elements. 

People are usually exposed to phthalates through digestion, but this can also occur through skin 
and inhalation. Ingested phthalates are rapidly broken down to their monoester forms, and excreted 
quickly in urine. DEHP has a half-life of 12 hours, and is released from the body within 24 hours. 
However, metabolites that enter the bloodstream circulate in the body and accumulate in some fats, 
or are secreted in breast milk (ATSDR, 2002). They are detected not only in blood or urine but 
also in amniotic fluid and in the placenta that directly can affect the fetus (Swan, 2008). Therefore, 
the risk of exposure to phthalate in fetal life might be more important than exposure in adult life. 
Further studies are necessary to identify long-term effects of phthalate based on the fetal exposure 
data as well as those from adolescents and adults. 
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