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Abstract
Some of the recent publications have reported a decline in semen quality in the last few decades. This phenomenon is associated with environmental factors, particularly with exposure to endocrine disrupting chemicals (EDCs). The aim of this publication is to critically review the literature on exposure to the following 6 ubiquitous environmental non-persistent EDCs:
bisphenol A, triclosan, parabens, synthetic pyrethroids, organophosphate pesticides and phthalates, and on their influence
on semen quality measured as sperm concentration, sperm volume, total sperm count, motility, total motile count, morphology, sperm motion, sperm DNA damage (comet extent, tail length, tail distributed moment, percent of DNA located in
the tail (tail%), DNA fragmentation index, high DNA stainability, X:Y ratio and aneuploidy. Several electronic databases
were systematically searched until 31 August 2016. Studies were qualified for the review if they: linked environmental exposure to non-persistent EDCs to semen quality outcomes, were published in English after 2006 (and, in the case of phthalates, if they were published after 2009) and were conducted in the case of humans. Out of the 970 references, 45 articles
were included in the review. This review adds to the body of evidence that exposure to non-persistent EDCs may affect
semen quality parameters and decrease semen quality. Int J Occup Med Environ Health 2018;31(4)
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INTRODUCTION
Over the past few decades endocrine disrupting chemicals (EDCs) have become a significant public health concern. An EDC is defined as “an exogenous chemical or
mixture of chemicals, that interferes with any aspect of
hormone action” [1]. Humans are at a high risk of exposure to EDCs, as these compounds are ubiquitous in the
environment. The uptake of EDCs may occur via various routes: oral route (ingestion of contaminated drinking water and food), dermal contact, inhalation, intravenous route, and transfer from the placenta and maternal
milk [2].
The principal mechanism of action of EDCs involves mimicking endogenous hormones and binding to their receptors upon which they may act as agonists or antagonists
to alter hormone-regulated cell signaling pathways. Endocrine disrupting chemicals have various hormonal activities, for instance, estrogenic, anti-androgenic, thyroiddisrupting properties. They may also affect various nuclear
receptors, such as peroxisome proliferator-activated receptors (PPARs) present in reproductive tissues. Endocrine
disrupting chemicals may also directly or indirectly disrupt
hormone synthesis and affect steroidogenesis [3]. Through
these and many other pathways, which have been modeled
in both in vitro and in vivo studies, EDCs may affect the
male and the female reproductive systems, the mammary
gland development and breast cancer, prostate cancer, reproductive neuroendocrine systems, the thyroid, metabolism and obesity, and cardiovascular endocrinology [4].
Studies of environmental EDCs have suggested that persistent organic pollutants (POPs), such as: dioxins, polychlorinated biphenyls (PCBs) and some pesticides resist
environmental degradation and are slowly metabolized
in the body. These chemicals accumulate in lipophilic tissues, biomagnify through the food chain and have been
found globally, even in regions where they have never
been used [5]. On the other hand, environmental chemicals, such as: bisphenol A, phthalates, parabens and syn2
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thetic pyrethroids are classified as non-persistent because
they readily decompose in the environment, are rapidly
metabolized in the body, have also been reported to have
endocrine disrupting properties and are suspected to affect human reproduction and development [4].
Infertility has become a major problem of our times. It
is estimated that as many as 15% of couples fail to conceive after a year of attempts. It is believed that in 20% of
infertile couples, the main cause of infertility is the male
factor and that it is a contributing factor of infertility in
a further 30–40% of infertile couples [6]. The interest in
the impact of exposure to EDCs, especially non-persistent
chemicals, on the male and female reproductive systems
has been increasing [7]. The association between EDCs
and male infertility has been investigated in numerous
animal and human studies [3]. One of the examined issues has been the impact of EDCs on semen quality, as
a decreasing sperm quality has been reported in the past
few decades [8].
The aim of this paper is to critically review the literature on
the exposure to the following environmental non-persistent chemicals: bisphenol A, triclosan, parabens, synthetic
pyrethroids, organophosphate pesticides and phthalates, and on their effects on semen quality measured as:
sperm concentration, sperm volume, total sperm count,
motility, total motile count, morphology, sperm motion,
sperm DNA damage (comet extent, tail length, tail distributed moment (TDM), percent of DNA located in the
tail (tail%), DNA fragmentation index (DFI), high DNA
stainability (HDS), X:Y ratio, and aneuploidy.
MATERIAL AND METHODS
Epidemiological studies focusing on the exposure to nonpersistent environmental chemicals and semen quality
were identified by a search of multiple literature databases (i.e., MEDLINE, PubMed, Web of Science, EBSCO,
Scopus) (before December 2016). The search combined
terms referring to the exposure to environmental EDCs
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and semen quality. The combination of the key words used
were:
–– those referring to the exposure: environmental exposure
to non-persistent endocrine disrupting chemicals, exposure to phthalates, bisphenol A, triclosan, parabens, organophosphate pesticides, and to synthetic pyrethroids;
–– those referring to the outcome: semen quality measured
as sperm concentration, sperm volume, total sperm
count, motility, total motile count, morphology, sperm
motion, sperm DNA damage (comet extent, tail length,
TDM, tail%, DFI, HDS), X:Y ratio, and aneuploidy.
Relevant studies were also identified through a review
of the references cited in all the published studies. Only
original articles were included. We excluded studies that
analyzed the impact of environmental EDCs on pregnancy as well as those assessing the effects of lifestyle factors
(smoking, alcohol consumption, diet) and occupational
exposure studies. Articles focused on animal research,

in vitro studies and review papers were excluded. Finally,
this review included human studies published in English in
peer-reviewed journals since 2006. This period was chosen
because there were few studies conducted on semen quality and exposure to non-persistent environmental EDCs
prior to 2006. At that time, the availability of sensitive, specific, and affordable bioassays made biomarkers feasible
for use in epidemiological studies for measuring exposures
to those compounds. At the same time, growing rodent
literature provided convincing data on the reproductive
toxicity of several non-persistent environmental EDCs.
All the full-text articles were thoroughly examined to identify the aims of the studies, statistical methods and accurate
results. All the related data was extracted independently
by 2 investigators and incongruences were resolved by dis
cussion and intervention of a third independent author. In
summary, out of the 970 articles identified, 45 met the eligibility criteria and have been included in this review (Figure 1).

IDENTIFICATION

potentially relevant studies identified by using combination of key worlds:
endocrine disruptors, bisphenol A, parabens, organophosphate pesticides,
pyrethroids, triclosan, phthalates, semen quality, male reproductive system
(N = 970)

studies relevant
to parabens
(N = 11)

ELIGIBILITY

studies relevant
to bisphenol A
(N = 226)

INCLUSION
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studies relevant
to organophosphate
pesticides
(N = 43)

studies relevant
to pyrethroids
(N = 129)

studies relevant
to triclosan
(N = 6)

studies relevant
to phthalates
(N = 555)

triclosan
studies
(N = 3)

phthalates
studies
(N = 18)

studies excluded after abstract review (i.e., no environmental exposure,
no full text, no humans, no English, published before 2006 year*)
(N = 925)

bisphenol A
studies
(N = 8)

parabens
studies
(N = 1)

organophosphate
studies
(N = 5)

pyrethroids
studies
(N = 10)

* Phthalates studies excluded if published before 2009 year.

Fig. 1. Flow chart of study selection for systematic review of studies investigating environmental exposure to endocrine disruptors
and associations with semen parameters
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RESULTS
Exposure to bisphenol A and semen quality
The estrogenic properties of bisphenol A (BPA) have
been known since the 1930s [9]. Bisphenol A has also
been known for its anti-androgenic and anti-thyroid activities. Like other EDCs, it may affect nuclear receptors
and interfere with their signaling pathways but it may also
act through non-genomic pathways initiated at membrane
receptors. It acts as an agonist of the estrogen receptor
alfa and as an antagonist of the androgen, thyroid and aryl
hydrocarbon receptors [10,11]. Bisphenol A is widespread
in the environment and it is used in the manufacture of
polycarbonate plastic, epoxy resins, multiple domestic
products and medical devices. Humans exposure to BPA
occurs through the diet, air, dust and water. It may migrate
from containers into liquids at high temperatures [12].
Most samples of body fluids and tissues collected from
humans have been found to contain quantifiable levels
of BPA [13].
Male reproductive function may be affected by exposure
to BPA in utero, during puberty and adulthood [11]. Animal studies investigating the intrauterine exposure to BPA
have shown that male reproductive function may be impaired in multiple ways. Bisphenol A has been shown to
affect the structure of the testes, prostate and epididymides, to influence the anogenital distance (AGD), to
reduce the expression of hormones and to alter the gene
expression profile. It may also impair the development of
hypothalamus and affect the expression of thyroid-specific
genes [11]. In vivo studies have reported similar findings.
Postnatal exposure to BPA may impair spermatogenesis,
sperm function and sperm quality as a result of effects on
the hypothalamic-pituitary-testicular axis [11]. Testicular
function may also be impaired by pro-oxidant/antioxidant
imbalance of testicular cells, by decreased activities of antioxidant enzymes, and by lipid peroxidation induced in
epididymal and sperm cells [11]. Some evidence also suggests that BPA may directly affect spermatozoa through
4
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its action on fertility-related proteins present in these
cells [14,15]. Lower semen quality after exposure to BPA
has been observed in rodent studies [16,17]. Epidemiological studies in humans seem to confirm that even environmental exposure to BPA may impair semen quality.
The association between environmental exposure to BPA
and semen quality were examined in 8 studies [18–25].
Four of these studies had been conducted among men
representing the general population [18,21,22,25] and
the subsequent 4 - among men managed at fertility clinics [19,20,23,24]. Most of these studies assessed exposure to BPA by measuring total urinary concentrations
of BPA [18–22,25], while only 2 studies assessed unconjugated BPA in plasma and seminal plasma [23,24].
In the first prospective cohort study of fertile young men
from 4 cities in the United States, Mendiola et al. (2010)
found no significant association between any examined
semen parameters (seminal volume, concentration, motility, morphology, total motile count, total sperm count)
and urinary BPA concentration [18]. On the other hand,
Lassen et al. (2014), who also examined the quality of semen sampled from healthy young men attending a compulsory physical examination for military service, reported
a significant inverse association between BPA concentration in urine and progressive sperm motility [21]. A study
conducted between 2005 and 2009 investigated semen
parameters in the general population represented by men
from Michigan and Texas, USA. The authors of this study
found a negative relationship between BPA and DNA
fragmentation, suggesting less sperm DNA damage [22].
Li et al. (2011) examined workers with environmental
exposure to BPA and observed an inverse association between urine BPA and both sperm concentration and total
sperm count [25].
Results of the studies performed among men managed
at fertility clinics showed a tighter interrelationship between BPA concentration and semen quality. Meeker et al. (2010), recruited partners in subfertile couples
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seeking treatment from a fertility clinic in Massachusetts, USA, and found that the increase in the interquartile
range (IQR) of urinary BPA was associated with 23% decline in sperm concentration, 7.5% decline in motility
and 13% decline in morphology along with 10% increase
in sperm DNA damage measured as the percentage share
of DNA in comet tail [19]. These findings were consistent
with the results of a study performed in Slovenia among
men who were also recruited through a fertility clinic.
This study found inverse relationships between total urinary BPA concentration and the following: sperm concentration, total sperm count and total motile sperm [20]. The
authors of 2 recent studies, in which BPA was measured in
human plasma and seminal fluid, found an inverse association of seminal BPA with sperm concentration and total
sperm count [23,24].
In conclusion, the diverse outcomes may be due to the
differences in the selection of study groups and biological fluids in which concentrations of BPA were measured.
However, most of these human studies showed a significant negative association between BPA concentration in
biological matrices and semen quality [19–21,23–25].
Exposure to triclosan and semen quality
Triclosan (TCS) is suspected to pose a risk to developmental and reproductive human health [1]. While non-human
studies have shown sufficient evidence of its possible toxic
activity, there is not enough evidence from human studies,
due to their small number, to associate TCS with negative effects on developmental and reproductive human
health [26]. The number of human studies is, however,
growing rapidly, as TCS has become a cause of concern
due to its ubiquity in the environment. The manufacture
of TCS on a massive scale started in the 1970s, and 20 years
later the compound reached the top 10 detected contaminants in American rivers [27]. Because of its antibacterial
properties TCS is used in personal care products and as an
ingredient of soups, cosmetics and toothpastes. It may be
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also found in toys, kitchenware, clothes and furniture [28].
From domestic wastewater, TCS migrates to wastewater
treatment plants where it is absorbed into the settled sewage sludge, which may, in turn, be transformed into biosolids and used as agricultural fertilizers [29]. Food and water
may be another exposure source of TCS for humans.
The main routes of absorption are through the skin, mucous membranes and gastrointestinal tract. After absorption in humans, TCS may be detected in urine, blood, milk,
plasma, brain, adipose tissue and liver [30]. Animal studies
have found evidence linking TCS exposure to reproductive and developmental health [26]. The mechanism of action of TCS is unclear. In vitro studies have demonstrated
that TCS may bind with low affinity with estrogen and
androgen receptors to act as their agonist, antagonist or
to result in no action [31]. It adversely affects the male
reproductive system by disrupting steroidogenesis. Kumar et al. (2008) conducted an in vitro study in rodent Leydig cells and found that TCS depressed the synthesis of
cyclic adenosine monophosphate (cAMP) resulting in the
disruption of the steroidogenic cascade and leading to decreased testosterone synthesis [32]. Forgacs et al. (2012)
found that high doses (30 μM) of TCS inhibited testosterone synthesis but only recombinant human chorionic
gonadotropin (rhCG) induced synthesis, while basal testosterone production remained unaffected [33].
Kumar et al. (2009) carried out an in vivo study in rodent Leydig cells and found that higher doses of TCS
(10 mg/kg/day and 20 mg/kg/day) caused a significant
decrease in testis weight and sex accessory tissues. Another finding was the downregulation of testicular levels of mRNA for cytochrome P450scc, cytochrome
P450c17, 3β-hydroxysteroid dehydrogenase (3β-HSD),
17β-hydroxysteroid dehydrogenase (17β-HSD), testicular
steroidogenic acute regulatory protein (StAR), androgen
receptor (AR) and a decreased in vitro activity of testicular steroidogenic enzymes. They also reported decreased
levels of serum luteinizing hormone (LH), follicle stimuIJOMEH 2018;31(4)
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lating hormone (FSH), cholesterol, pregnenolone and testosterone. All these findings were followed by decreased
semen production [34]. Two other in vivo studies in the
same animal species did not, however, corroborate these
results [35,36].
Studies in humans are lacking. Only 3 studies were identified assessing the relationship between the exposure to TCS
and semen quality [37–39]. Zhu et al. (2016) measured
urinary TCS concentration in men recruited through reproductive health clinics and found an inverse association
between urine TCS overall concentration and the number
of forward moving sperms. They also found that TCS was
negatively associated with sperm concentration, sperm
count, the number of forward moving sperms, and the percentage share and the number of morphologically normal
sperms but only in the lowest tertile of urinary TCS concentration (< 0.66 ng/mg). There was no significant association
between urinary TCS and semen quality in the tertiles of
middle and high urinary TCS levels [37].
The second of these 3 studies investigated the association
of the exposure to TCS with idiopathic male infertility and
found no relationship [38]. The findings reported in this
study are consistent with those reported in a study performed in Belgium. The authors of the latter investigated
whether exposure to TCS and other EDCs was associated
with increased subfertility in men. In this study, no relationship between the exposure to TCS and sperm quality
parameters was found, either [39].
The divergence of the results in these 3 studies may be
due to the use of various methods of urinary TCS quantification and diverse statistical models. In light of the small
number of studies and the divergent results, further studies are required.
Exposure to parabens and semen quality
Parabens are the family of para-hydroxybenzoic acid esters which are used as preservatives in cosmetic products,
pharmaceuticals and food. Dermally applied cosmetics
6
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are the primary sources of exposure. Uptake into the skin
increases with lipid solubility, which in turn depends on
the length of the ester chain. Oral intake is another route
of exposure [40]. After absorption, parabens do not accumulate in the body but are metabolized by esterases and
conjugated, and excreted with urine, bile and faeces [41].
The most commonly used parabens are methylparaben (MP), propylparaben (PP) and butylparaben (BP).
Because of their relatively low toxicity, parabens have become the most widely used preservatives since their first
synthesis in the 1930s [42].
Parabens attracted public attention after a publication
in 2004 which reported that parabens had been identified
in human breast tumor tissue [43]. Following the growing anxiety, the European Union adopted a regulation
in 2015 which decreased the maximum concentrations
of PP and BP to 0.14% in mixed and individual forms and
banned these compounds from leave-on products for the
nappy area of children below 3 years of age. The main concern relates to their possible endocrine disrupting activity.
Parabens are primarily associated with the development of
breast cancer, allergic contact dermatitis and skin inflammation [44], and with the disruption of the reproductive
system [41]. Estrogenic and anti-androgenic properties of
parabens have been confirmed in many in vitro and in vivo
studies [41]. However, studies confirming potential harmful effects of parabens on animals are lacking.
In a recently published study assessing the disrupting effects in rats prenatally exposed to butylparaben, multiple adverse effects on the reproductive system (shortened AGD, reduced reproductive organ weight, disrupted
testicular gene expression, inappropriate mammary gland
development and significantly reduced sperm count) were
found. The authors emphasized that they had observed
lower sperm count even after exposing rats to small doses
of 10 mg/kg [45]. The influence of butylparaben after intrauterine exposure on sperm count was also reported in
other studies in rats, although the exposure levels were
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much higher [46,47]. Several mechanisms are suspected
to be responsible for the disruption of the reproductive
system. Chen et al. reported that MP, PP and BP were
anti-androgens and might inhibit testosterone-dependent
transcription by 40%, 33% and 19%, respectively [48].
Another mechanism which has been investigated is the disruption of testicular gene expression. After oral exposure
of Wistar rats to butylparaben from gestation day 7 to pup
day 22, an increased Cyp19a1 (aromatase) expression in
testes was observed in all the exposure groups as compared
with controls. Aromatase was reduced in prepubertal but
not in the case of adult rats exposed to butylparaben. The
authors speculated that the reduction of aromatase levels
in this period was associated with low sperm count observed later in life. Another finding in this study was the
reduced expression of Nr5a1, a gene encoding the nuclear
receptor steroidogenic factor-1 (SF-1), which regulated
multiple genes that might indicate persistent disruption of
steroidogenesis [45]. Tavares et al. have suggested that disruption of sperm function may be caused by interference
of parabens with mitochondrial energetics [49].
Studies associating human exposure to parabens and semen quality are lacking. Meeker et al. (2010) investigated
urinary concentration of parabens and its association with
sperm quality parameters and sperm DNA damage [50].
The study was conducted in the same population of male
partners in subfertile couples recruited through a fertility
clinic that was described in a study of this author linking
exposure to BPA to semen quality [19]. Concentrations of
total urinary parabens (MP, PP, BP) were measured. No
statistically significant association between MP and PP on
the one hand and semen quality and sperm DNA damage
on the other was found. Urinary BP concentrations were
not found to be associated with semen quality parameters.
However, a dose-related positive association between BP
urine concentration and increased tail% was found [50].
The lack of comparative studies restricts our ability to
make any conclusions. Further studies are necessary.
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Exposure to synthetic pyrethroids and semen quality
Synthetic pyrethroids are analogues and derivatives of
the original pyrethrins naturally found in flowers of the
chrysanthemum family. They are used as pesticides in
households, in agriculture and in veterinary practices. This
group of pesticides is widely used because of its effectiveness in contact with insects, low mammalian toxicity, and
biodegradability. Pyrethroids act by modifying sodium and
chloride channels in the axons to alter the normal function of nerves [51,52]. The main route of exposure, apart
from occupational exposure, is the diet: consumption of
raw and cooked vegetables and fruits has been associated
with increased detection of pyrethroid metabolites [53].
Exposure may also occur by inhalation of contaminated
household dust and by dermal contact [51].
After absorption pyrethroids are rapidly metabolized and
excreted with urine. The most frequently detected metabolite in human urine is 3-phenoxybenzoic acid (3PBA),
which is a metabolite of the 6 pyrethroid pesticides (tralomethrin, fenpropathrin, cypermethrin, deltamethrin, permethrin, cyhalothrin). The other metabolites are trans-3(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic
acid (TDCCA) and cis-3-(2,2-dichlorovinyl)-2,2-dime
thylcyclopropane carboxylic acid (CDCCA), which are
metabolites of permethrin, cypermethrin, cyfluthrin; cis2,2-dibromovinyl-2,2-dimethylcyclopropane-1-carboxy
lic acid (DBCA), which is a metabolite of deltamethrin;
and 4-fluoro-3-phenoxybenzoic acid (4F3PBA), a metabolite of cyfluthrin. Urinary levels of these metabolites
may reflect multiple routes of environmental exposure to
their parent pyrethroid pesticides and their environmental
degradants [54].
Epidemiological and animal studies have shown a negative impact of pyrethroids on reproductive health [55].
Pyrethroids have been identified as potential endocrine
disruptors [56]. They may act as agonists of the estrogen
receptors and as antagonists of the androgen receptors,
and show anti-androgenic properties [57,58]. In vitro and
IJOMEH 2018;31(4)
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in vivo studies have shown that pyrethroids may induce
genotoxicity and oxidative stress by promoting the formation of reactive oxygen species [59–61]. Animal studies have reported that prenatal exposure to pyrethroids
may impair development of the testes and epididymides,
decrease the number of epididymal spermatozoa in adult
male offspring, disrupt spermatogenesis, and decrease
testosterone synthesis by downregulating the expression of testicular StAR [62,63]. These studies have also
shown a negative influence of pyrethroids on semen quali
ty [64,65]. The negative impact of synthetic pyrethroids on
the male reproductive system is increasingly investigated
in humans. Most of the studies so far have reported a negative impact of pyrethroids on hormone synthesis [66],
sperm quality and DNA damage [67–69].
This review identified 10 studies conducted after 2006, that
assessed environmental exposure to pyrethroids and semen
quality. Most of the studies were performed among men
from fertility clinics [67–72] and only 2 studies were conducted among men from the general population [73,74].
The studies conducted among men from fertility clinics
were consistent in their findings: they all showed associations between some of the examined semen parameters
(concentration [68–70], motility [68,71], sperm motion
[68,70], sperm DNA damage [67–69], sperm sex ratio [72],
sperm aneuploidy [75,76] and exposure to pyrethroids.
Xia et al. (2008) found an association between increased
concentration of urinary 3-PBA levels and sperm concentration and sperm motion parameters [71]. Meeker et al.
(2008) found a positive association between 3PBA and
sperm concentration and sperm DNA damage.
Additionally, an inverse association between TDCCA
and sperm motility and sperm motion was found [68]. In
the study conducted in China in 2011, the authors found
a strong relationship between urinary 3-PBA levels and
sperm concentration and sperm DNA fragmentation [69].
In a small pilot study conducted by Toshima et al. (2012),
a significant inverse association between urinary 3BPA
8
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concentration and sperm motility was also found [70]. Jurewicz et al. (2015) investigated the relationship between
environmental exposure to pyrethroids and sperm DNA
damage and found a positive association between CDCCA
concentration > 50th percentile and the percentage share
of medium DNA fragmentation index (M DFI) and the
percentage share of high DNA stainability (HDS). They
also found an association between urinary 3PBA concentration > 50th percentile and the percentage share of
high DNA fragmentation index (H DFI) [67].
Studies in which the association between aneuploidy rates
and the exposure to pyrethroids was measured were also
consistent. Young et al. (2013) found that urinary concentrations of CDCCA and TDCCA above the limit of detection (LOD) were associated with increased rates of aneuploidy [75]. In a similar study, the authors reported that
urinary concentrations of CDCCA, TDCCA and 3PBA
in men affected sperm chromosome disomy of chromosome 18 (CDCCA, 3PBA), XY (TDCCA, 3PBA), YY
(3PBA), 21 (3PBA) and total disomy (3PBA) [76]. Additionally, one study investigated the association between
urinary concentration of synthetic pyrethroids and sperm
Y:X ratio. The authors reported negative associations of
the concentration of CDCCA to TDCCA with Y:X sperm
chromosome ratio [72].
As already mentioned, this review identified only 2 studies performed among men from the general population.
Perry et al. (2007) conducted a small pilot study in which
they reported that sperm concentration was lower in the
group of higher environmental exposure [73]. In contrast
to these findings, the authors of another study performed
among healthy young students did not find any evidence of
adverse influence of environmental exposure to synthetic
pyrethroids on semen quality [74].
Most of the studies showed that exposure to synthetic pyrethroids was associated with a negative impact on semen
quality and only one of the identified studies showed inconsistent results.
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Exposure to organophosphate pesticides
and semen quality
Organophosphate pesticides (OPPs) are esters of phosphoric acid. They are used as insecticides and herbicides in
agriculture, households and veterinary practices [77]. The
organophosphate compounds tris(1,3-dichloro-2-propyl)
phosphate (TDCPP) and triphenyl phosphate (TPP) are
also used as flame retardants in polyurethane foams and
plasticizers [78]. Because of their effectiveness and nonpersistence in the environment they have replaced other
pesticides, such as organochlorines, and have become
a large percentage share of all insecticides used worldwide. They act by inhibiting cholinesterases, particularly
acetylcholinesterase, an enzyme found in the nervous system, neuromuscular junctions and erythrocytes. Inhibition
of this enzyme results in the accumulation of acetylcholine
at the synapses and causes overstimulation of acetylcholine receptors [79].
The general population is exposed mainly through in
gestion of contaminated food and contact with surfaces
containing organophosphorus insecticides, with less common routes being inhalation and dermal contact [80]. After absorption, OPPs are rapidly metabolized. About 75%
of the approved OPPs are metabolized to at least one of
the 6 commonly measured dialkyl phosphates (DAPs),
namely dimethyl phosphate (DMP), diethyl phosphate
(DEP), dimethyl thiophosphate (DMTP), dimethyl dithiophosphate (DMDTP), diethyl thiophosphate (DETP),
and diethyl dithiophosphate (DEDTP). Urinary DAP metabolites are not considered toxic. Concentrations of these
metabolites are used as a biomarker of recent exposure to
OPPs or to the metabolite itself [81].
Studies in animals and occupationally exposed humans
have shown that pesticides may cause multiple histopathological and cytopathological changes in the male reproductive system [82]. They may cause significant testicular
damage [83], adversely affect the structure and function
of the male accessory reproductive organs [84], alter re-

REVIEW PAPER

productive hormone levels [85], and decrease spermatogenesis [86,87] and semen quality [88]. The mechanism
of the disruptive effects of OPPs on male reproductive
function is unclear. These compounds have been investigated for their endocrine disrupting properties and genotoxicity [56,85,89,90]. Organophosphate pesticides are
structurally similar to sex steroid hormones and due to
this similarity they may bind to endocrine receptors, act
as hormonal ligands, and disrupt gene transcription [91].
They are known to affect the hypothalamic-hypophyseal-gonadal (HHG) system at multiple levels by mimicking sex steroid hormones [92]. They may also increase
apoptosis of germ cells by disturbing tissue homoeostasis.
Like other EDCs, they induce oxidative stress and cause
genotoxicity [91].
To date, few studies have evaluated the impact of environmental exposure to OPPs on semen quality. Two
studies have been performed among men from the general population [73,93] and 3 among men from fertility
clinics [94–96]. In most of the studies, the authors measured OPP exposure by measuring urinary concentration
of organophosphate metabolites [73,93,95,96], and in one
of the study, the authors assessed the relationship be
tween TDCPP and TPP concentrations in house dust and
semen quality parameters [94].
In a pilot study assessing the exposure to OPPs, Perry et al. (2007) found a statistically significant association
between DETP and sperm concentration [73]. This relationship was investigated further in a larger study where
a significant association between DMP and sperm concentration and motility was found [93]. In another study
conducted among men from fertility clinics who had been
exposed to organophosphates in their households, the
authors found evidence that concentrations of OPPs in
house dust may be associated with decreased sperm concentration [94]. The results of a study conducted by Melgarejo et al. also suggest that exposure to OPPs may be
associated with decreased sperm counts and motility [95].
IJOMEH 2018;31(4)
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The authors of a more recent study, in which environmental exposures to OPPs and their association with the
frequency of sperm chromosomal abnormalities were investigated, reported that urinary DAP metabolites were
associated with increased disomy rates [96].
Because of the limited number of studies investigating the
impact of environmental OPP exposure on human health
further characterization of the issue in epidemiological
studies is needed.
However, the results of the studies presented here were
consistent with each other and suggest that environmental
exposure to OPPs may negatively affect sperm quality.
Exposure to phthalates and semen quality
Phthalates are chemicals used as plasticizers in hundreds
of products, such as personal care products, medical devices, food packaging, and toys [97]. The industrial applications of phthalates are related to the length of the ester
chain. They are divided into 2 distinct groups, with very
different applications, toxicological properties and classification. High-molecular-weight phthalates (e.g., di(2-ethylhexyl) phthalate (DEHP)), with alkyl chain lengths
from 8 to 13 carbons, are widely used as general-purpose
plasticizers in polymers, primarily in polyvinyl chloride (PVC) resins [98] to make rigid PVC more flexible
and useful, such as for wiring and cables. These phthalates are also used in a variety of consumer products,
flooring and wall coverings, in food contact application
and medical devices (bags for blood and parenteral nutrition, tubings and catheters) [97]. Low-molecular-weight
phthalates, with alkyl chain lengths from 2 to 7 carbons
(e.g., diethyl phthalate (DEP), dibutyl phthalate (DBP))
are used in personal care products, some cosmetics/fragrances, lacquers and varnishes, and as solvents and plasticizers in cellulose acetate [98].
Human exposure to phthalates occurs mainly through
ingestion, dermal exposure and inhalation. After absorption, phthalates are rapidly metabolized to monoesters or
10
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oxidative metabolites, and excreted free or conjugated as
glucuronides in the urine and faeces. Urinary concentrations of phthalate metabolites have been used as the most
common biomarker of human exposure [98]. Because of
their ubiquity they began to be investigated for potential
consequences for human health. Their endocrine disrupting properties are well known. Phthalates mainly act as
anti-androgens, although they may also manifest weak estrogenic properties [99]. Some of them have been found
to cause reproductive toxicity in animals [100]. They have
been linked to hypospadias or cryptorchidism, timing of
puberty onset, AGD, reproductive hormones and semen
quality.
However, the evidence in animal and epidemiological
studies for most of their adverse effects in the reproductive system is still insufficient, and the evidence of their
disrupting effect on semen quality is only moderately
strong [101]. The potential mechanism of adverse effects of
phthalates on semen quality involves causing morphological alterations of the testis including a decrease in Sertoli
cells, disruption of the seminiferous tubules and formation
of multinucleated germ cells. They may also induce Leydig
cell dysfunction that leads to the inhibition of steroidogenic enzymes. Furthermore, they have been found to disrupt the patterns of gene expression which are important
to cholesterol transport and steroidogenesis [101].
Multiple epidemiological human studies have assessed the
relationship between the exposure to phthalates and semen
quality. Due to the fact that the authors of this study have
already reviewed studies linking the exposure to phthalates
to male reproductive outcomes (including semen quality)
which were published until 2009 year [102], this review
has been narrowed down to the papers published after the
year 2009, identifying a total of 18 such studies in which
the exposure to phthalates and their influence on semen
parameters, DNA damage, X:Y ratio and sperm aneuploidy were assessed. Most of these studies were conducted
among men recruited by fertility clinics (Table 1).

cohort study median CR-adjusted:
BPA = 1.4 μg/g CR

prospective geometric mean:
cohort study BPA = 1.55 ng/ml

Li et al. (2011)
[25], China

Knez et al.
(2014) [20],
Slovenia

geometric mean:
uncorrected BPA = 1.4 ng/ml
SG-corrected BPA =
1.7 ng/ml

crosssectional

prospective geometric mean:
cohort study BPA = 1.5 μg/l

Concentration of endocrine
disrupting chemicals (EDC)

Meeker et al.
(2010) [19],
United States

Bisphenol A (BPA)
Mendiola et al.
(2010) [18],
United States

Endocrine disruptor
Study design
and study
375 fertile men from
4 U.S. study centers
(Missouri, Iowa, Minnesota, California)

Study population

Results

no significant associations between
any semen parameters and urinary
BPA concentration:
seminal volume
(β = –0.18, 95% CI: –0.4–0.01)
sperm concentration
(β = 0.01, 95% CI: –0.08–0.1)
motile sperm (%)
(β = –0.38, 95% CI: –1.66–0.9)
morphologically normal sperm (%)
(β = 0.16, 95% CI: –0.45–0.77)
total motile count
(β = –0.05, 95% CI: –0.17–0.7)
total sperm count
(β = –0.04, 95% CI: –0.14–0.06)
total urinary concentration of BPA 190 men recruited
IQR increase in urinary BPA was
(free + conjugated species)
through U.S. infertil- associated with declines in sperm
BPA LOD = 0.4 mcg/l
ity clinic
concentration 23% (95% CI: –40–
3 urine samples collected
(–0.3)%), motility 7.5% (95% CI:
–17–1.5%), and morphology 13%
(95% CI: –26–(–0.1)%), along with
a 10% (95% CI: 0.03–19%) increase
in sperm DNA damage measured
as tail%
total urinary concentration of BPA 88 Chinese workers
inverse association between urine
(free + conjugated species)
exposed only to envi- BPA and sperm concentration
LOD BPA = 0.31 mcg/l
ronmental BPA level (p = 0.02) and total sperm count
single urine sample collected
(p = 0.04)
total urinary concentration of BPA 149 men recruited
inverse relationship between total
(free + conjugated species)
through Slovenia
urinary BPA concentrations and
LOD BPA = 0.1 ng/ml
infertility clinic
sperm concentration (p = 0.047),
single urine sample collected
total sperm count (p = 0.039), sperm
vitality (p = 0.026) and total motile
sperm (p = 0.043)

total urinary concentration of BPA
(free + conjugated species)
BPA LOD = 0.4 mcg/l
single urine sample collected

Samples measured

Table 1. Results of studies investigating environmental exposure to endocrine disruptors and associations with semen parameters
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crosssectional

crosssectional

Vitku et al.
(2015) [23],
Czech Republic

Vitku et al.
(2016) [24],
Czech Republic

mean plasma BPA:
group 1 – 0.029 ng/ml
group 2 – 0.059 ng/ml
group 3 – 0.072 ng/ml
group 4 – 0.019 ng/ml
mean seminal plasma BPA:
group 1 – 0.075 ng/ml
group 2 – 0.130 ng/ml
group 3 – 0.153 ng/ml
group 4 – 0.148 ng/ml

mean plasma BPA:
group 1 – 47 pg/ml
group 2 – 137 pg/ml
group 3 – 114 pg/ml
group 4 – 33 pg/ml
mean seminal plasma BPA:
group 1 – 66 pg/ml
group 2 – 144 pg/ml
group 3 – 132 pg/ml
group 4 – 179 pg/ml

prospective geometric mean:
cohort study BPA = 1.62 ng/ml

Goldstone et al.
(2015) [22],
United States

median:
BPA = 3.25 ng/ml

crosssectional

Concentration of endocrine
disrupting chemicals (EDC)

Lassen et al.
(2014) [21],
Denmark

Endocrine disruptor
Study design
and study
Study population

unconjugated BPA in plasma and
seminal plasma
single plasma and seminal plasma
sample collected

unconjugated BPA in plasma
and seminal plasma
single plasma and seminal plasma
sample collected

total urinary concentration of BPA
(free + conjugated species)
LOD BPA = 0.05 ng/ml
single urine sample collected

191 Czech men with
diverse degrees of
infertilitya:
group 1 – N = 89
group 2 – N = 59
group 3 – N = 25
group 4 – N = 18

174 Czech men with
diverse degrees of
infertilitya:
group 1 – N = 84
group 2 – N = 56
group 3 – N = 20
group 4 – N = 14

418 men from 16
counties in Michigan
and Texas from the
general population

total urinary concentration of BPA 298 young Danish
(free + conjugated species)
men from the general
LOD BPA = 0.12 ng/ml
population
single urine sample collected

Samples measured

Results

inverse association
between seminal BPA and
sperm concentration (p = 0.009),
total sperm count (p = 0.018) and
morphology (p = 0.044)

inverse association between seminal
BPA and sperm concentration
(p < 0.001) and total sperm count
(p < 0.01)

negative relation between BPA
and DNA fragmentation – less
sperm DNA damage (β = –0.0544,
p = 0.035)

no association between semen volume
(p = 0.95), sperm concentration
(p = 0.56), total sperm count
(p = 0.71) or percentage morphologically normal forms (p = 0.79)
significant inverse association between BPA and progressive motility
(p = 0.003)

Table 1. Results of studies investigating environmental exposure to endocrine disruptors and associations with semen parameters – cont.
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crosssectional

crosssectional

Zhu et al. (2016)
[37], China

Parabens
Meeker et al.
(2010) [50],
United States

crosssectional

Den Hond et
al. (2015) [39],
Belgium

Triclosan (TCS)
Chen et al. (2013) cross[38], China
sectional

geometric mean:
MP = 28.6 μg/l
PP = 3.67 μg/l
BP – not calculated
SG-corrected:
MP = 35.5
PP = 4.52
BP – not calculated

geometric mean:
TCS = 1.12 ng/ml
CR-corrected TCS =
0.99 ng/mg

geometric mean of
unadjusted TCS:
controls – 2.8 μg/l
cases – 2.6 μg/l

geometric mean of TCS:
controls – 1.593 ng/ml
cases – 1.707 ng/ml

total urinary concentration
of BP, MP, PP (free and
conjugated species),
MP LOD = 1 μg/l
PP and BP LOD = 0.2 μg/l
3 urine sample collected

total urinary TCS
(free and conjugated)
LOD = 0.1 μg/l
single urine sample collected

total urinary TCS
(free and conjugated)
single urine sample collected

total urinary TCS
(free and conjugated)
LOD = 0.34 ng×ml–1
single urine sample collected

no significant associations between
any semen parameters and urinary
triclosan concentration

190 male partners
recruited through
U.S. infertility clinic

no statistically significant association
between urinary concentration
of parabens and semen quality
parameters (N = 190) (all p for
trends > 0.05):
urinary BP levels were positively
associated with sperm DNA damage
(N = 137) increase in tail%
(p for trend = 0.03)

no relationships between exposure
to TCS and sperm quality parameters
sperm concentration (p = 0.33),
motility (p = 0.71), morphology
(p = 0.99)
471 men recruited
inverse association between overall
through reproductive triclosan concentration and number
health clinic
of forward moving sperms (β = –0.17,
95% CI: –0.32–(–0.02))
in tertile of triclosan level < 0.66 ng/
mg negative association between
triclosan and sperm concentration
(β = –0.21, 95% CI: –0.41–(–0.01)),
total sperm count (β = –0.25,
95% CI: –0.48–(–0.02)), number of
forward moving sperms (β = –0.35,
95% CI: –0.68 –(–0.03)), percentage
of normal morphologic sperms
(β = –1.64, 95% CI: –3.05–(–0.23))
and number of normal morphologic
sperms (β = –0.48, 95% CI: –0.8–
(–0.16))

1 590 men recruited
through hospitals
affiliated to Nanjing
Medical University
case group – 877 idiopathic infertile men
120 healthy men
recruited through
fertility clinic
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crosssectional

geometric mean:
DMP = 1.3 μg/l
DMTP = 1 μg/l
DMDTP = 0.08 μg/l
DEP = 2.6 μg/l
DETP = 0.94 μg/l
DEDTP = 0.05 μg/l

urinary concentration
of DMP, DMTP, DMDTP, DEP,
DETP, DEDTP;
DEDTP LOD = 0.01 mg/l
DMP, DMTP, DMDTP, DEP,
DETP LOD = 0.1 μg/l
single urine sample collected

house dust concentrations
of TDCPP and TPP
TDCPP LOD = 107 ng/g
TPP LOD = 173 ng/g
single sample of house dust
collected

Melgarejo et al.
(2015) [95],
Spain

mean:
TDCPP = 1.88 ng/g dust
TPP = 7.4 ng/g dust

urinary concentration
of DMTP, DETP, PNP
DMTP, DETP LOD = 0.25 μg/l
PNP LOD = 0.14 μg/l
single urine sample collected

Samples measured

urinary concentration
of DMP, DMTP, DMDTP, DEP,
DETP, DEDTP
DEDTP, DMDTP, DEP, DETP
LOD = 0.125 μg/l
DMP, DMTP LOD = 0.25 μg/l
single urine sample collected

crosssectional

Meeker et al.
(2010) [94],
United States

geometric mean:
DMTP = 5.7 μg/l
DETP = 4.27 μg/l
PNP = 6.9 μg/l

Concentration of endocrine
disrupting chemicals (EDC)

Perry et al. (2011) cohort study mean:
[93], China
DEDTP: controls – 0.15 μg/l,
cases – 0.14 μg/l
DMP: controls – 2.93 μg/l,
cases – 3.96 μg/l
DMTP: controls – 4.14 μg/l,
cases – 3.36 μg/l
DEP: controls – 8.39 μg/l,
cases – 6.90 μg/l
DETP: controls – 23.00 μg/l,
cases – 18.00 μg/l
DMDTP: controls – 0.23 μg/l,
cases – 0.24 μg/l

crosssectional
pilot study

Perry et al.
(2007) [70],
China

Pesticides

Endocrine disruptor
Study design
and study

116 men recruited
through infertility
clinic

189 male partners
of recently married
couples

50 men recruited
through U.S.
infertility clinic

18 men with
environmental
exposure

Study population

Results

significant inverse correlation
between concentration of DMP and
the % of motile sperm (r = –0.23,
95% CI: –0.34–(–0.05)) and sperms
with normal morphology (r = –0.2,
95% CI: –0.36–0.02)).
significant inverse association
between sperm concentration
and TSC with concentrations

significant association between DMP
and semen quality (OR = 1.3,
95% CI: 1.02–1.65)

association between IQR increase in
TPP and decreased sperm concentration 18.8% (95% CI: –30.1–(–4.5)%)
(p = 0.02 after excluding 3 men with
sperm concentration < 20 sperm/ml)

statistically significant association
between DETP and sperm
concentration
Log (sperm concentration) difference =
–1.0 (95% CI: –1.8–(−0.2))

Table 1. Results of studies investigating environmental exposure to endocrine disruptors and associations with semen parameters – cont.
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median unadjusted:
3-PBA = 0.12 μg/l
TDCCA = 0.1 μg/l

crosssectional

Meeker et al.
(2008) [68],
United States

mean unadjusted metabolite:
DMP = 11 ng/ml
DMTP = 9 ng/ml
DMDTP = 1 ng/ml
DEP = 4 ng/ml
DETP = 2 ng/ml
DEDTP = 0.1 ng/ml
CR-adjusted:
DMP = 8 ng/ml
DMTP = 7 ng/ml
DMDTP = 1 ng/ml
DEP = 2 ng/ml
DETP = 1 ng/ml
DEDTP = 0.1 ng/ml

geometric mean:
3PBA = 1.2 μg/l
TDCCA = 0.8 μg/l

crosssectional

Perry et al. (2007) cross[70], China
sectional
pilot study

Pyrethroids

Figueroa et al.
(2015) [96],
United States

urinary concentrations
of 3-PBA, CDCCA, TDCCA
LOD = 0.1 mg/l for all metabolites
single urine sample collected

urinary concentrations
of 3-PBA, TDCCA
single urine sample collected

urinary concentration of DMP,
DMTP, DMDTP, DEP, DETP,
DEDTP, ∑DAP, ∑DEAP, ∑DMAP
LODs ranged 0.1–0.6 ng/ml
single urine sample collected

207 men with
idiopathic infertility
recruited through
infertility clinic
at Massachusetts

18 men with
environmental
exposure

159 subfertile men
recruited through
Massachusetts
General Hospital
Fertility Center

3-PBA concentration > 75th percentile associated with a suggestive
20.2 million sperm/ml reduction
(95% CI: –37.1–2.6) in sperm
concentration compared with men
below the 3-PBA median

no statistically significant association
between 3-PBA (–0.2 (95% CI: –1.1–
0.7)) and TDCCA (–0.6 (95% CI:
–1.5–0.3)) with sperm concentration

significant positive association between increasing IRRs by exposure
quartiles of DMTP, DMDTP, DEP
and DETP with XX18, YY18, XY18
and total disomy
highest significant association between the 3rd exposure quartile of
DMTP (2.21–6.47 ng/ml) and XX18:
IRRQ3 = 1.52, 95% CI: 1.36–1.69
inverse associations between DMP
and XX18, XY18 and total sex
chromosome disomy
inverse associations between DEDTP
and YY18, XY18, and total sex
chromosome disomy

of DMP (β = –0.13, β = –0.12),
DMTP (β = –0.04, β = –0.05),
and DMDTP (β = –0.81, β = –0.94)
and ∑DAP (β = –0.003, β = –0.003)
significant inverse association between % of motile sperm and DMTP
(β = –0.02), DMDTP (β = –0.44)
and DEP (β = –0.06)
significant inverse association
between TMC with urinary DMP
(β = –0.11) and DMDTP (β = –0.81)
concentrations
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retrospective casecontrol
study

crosssectional

crosssectional
pilot study

crosssectional

Xia et al. (2008)
[73], China

Ji et al. (2011)
[69], China

Toshima et al.
(2012) [72],
Japan

Young et al.
(2013) [75],
United States

Endocrine disruptor
Study design
and study

geometric mean unadjusted:
3-PBA = 0.18 μg/l
CDCCA = 0.12 μg/l
TDCCA = 0.18 μg/l

mean SG-corrected
3-PBA = 0.547 ng/ml

median 3-PBA = 1.12 μg/l

median CR-adjusted
3-PBA = 0.879 μg/g CR

Concentration of endocrine
disrupting chemicals (EDC)

urinary concentrations of 3-PBA,
CDCCA, TDCCA levels
3-BPA LOD = 0.1 μg/l
CDCCA LOD = 0.23 μg/l

urinary concentrations
of 3-PBA levels
LOD = 0.04 ng/ml
single urine sample collected

urinary concentrations
of 3-PBA levels
single urine sample collected

urinary concentrations
of 3-PBA levels
the concentrations of CR adjusted
3-PBA were categorized
into 4 quartiles according
to IQR single urine sample
collected

Samples measured

75 men with
idiopathic infertility
recruited through
infertility clinic

42 men recruited
through infertility
clinic

240 men with idiopathic infertility
recruited through
hospitals affiliated
to Nanjing Medical
University

376 men with idiopathic infertility
recruited through
hospitals affiliated
to Nanjing Medical
University

Study population

Results

association between CDCCA and
TDCCA concentrations above the
LOD and increased risk of aneu
ploidy ranging between 7–30%

inverse significant association between 3-BPA concentration and
sperm motility β = –0.374, p < 0.01

inverse correlation between 3-PBA
urinary level and the sperm concentration (β = –0.27, 95% CI: –0.41–
(–0.12), p < 0.001)
positive correlation between 3-PBA
level and sperm DNA fragmentation
(β = 0.27, 95% CI: 0.15–0.39,
p < 0.001)

weak dose–response relationships
between 3-PBA levels and decreased
sperm concentration ORs (95% CI):
II quartile – 1.31 (0.65–2.64),
III quartile – 1.73 (0.87–3.45),
IV quartile – 2.04 (1.02–4.09)
(p for trend 0.027)
positive correlations between
VCL (p = 0.039), VSL (p = 0.003)
and 3-PBA levels

significant inverse associations
between TDCCA and sperm motility
(p = 0.01) and sperm motion VSL
(p = 0.02), VCL (p = 0.04), LIN (p =
0.008) (after adjusting for CDCCA)
dose–response association between
3-PBA and increased sperm DNA
damage measured as tail% (p = 0.02)

Table 1. Results of studies investigating environmental exposure to endocrine disruptors and associations with semen parameters – cont.
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crosssectional

crosssectional

crosssectional

Imai et al. (2014)
[71], Japan

Radwan et al.
(2015) [76],
Poland

Jurewicz et al.
(2015) [67],
Poland

geometric mean unadjusted:
CDCCA = 0.12 μg/l
TDCCA = 0.16 μg/l
3PBA = 0.17 μg/l
DBCA = 0.05 μg/l
CR-adjusted:
CDCCA = 0.11 μg/g CR
TDCCA = 0.15 μg/g CR
3-PBA = 0.16 μg/g CR
DBCA =0.04 μg/g CR

geometric mean unadjusted:
CDCCA = 0.12 μg/l
TDCCA = 0.16 μg/l
3PBA = 0.17 μg/l
DBCA = 0.05 μg/l
CR-adjusted:
CDCCA = 0.1 μg/g CR
TDCCA = 0.15 μg/g CR
3PBA = 0.16 μg/g CR
DBCA = 0.04 μg/g CR

geometric mean 3-PBA:
unadjusted = 0.679 ng/ml
SG-adjusted = 0.588

urinary concentrations of 3-PBA,
CDCCA, TDCCA, DBCA levels
single urine sample collected

urinary concentrations of 3-PBA,
CDCCA, TDCCA, DBCA levels
LOD = 0.1 ng/ml for all
metabolites
single urine sample collected

urinary concentrations
of 3-PBA levels
LOD = 0.08 ng/ml
single urine sample collected

geometric mean SG-adjusted: TDCCA LOD = 0.35 μg/l
3-PBA = 0.24 μg/l
single urine sample collected
CDCCA = 0.15 μg/l
TDCCA = 0.23 μg/l
geometric mean CR-adjusted:
3-PBA = 0.15 μg/g CR
CDCCA = 0.1 μg/g CR
TDCCA = 0.14 μg/g CR

for CDCCA > LOD total disomy
(IRR = 1.12 (95% CI: 1.06–1.17))
for TDCCA > LOD total disomy
(IRR = 1.09 (95% CI: 1.04–1.15))
association between 3-BPA and
aneuploidy non consistent

286 men with normal
sperm concentration
4 recruited through
infertility clinic in
Łódź

195 men with normal
semen concentrationb
and slightly oligozoospermicc recruited
through infertility
clinic in Łódź

positive association between:
CDCCA concentration > 50th percentile and the percentage of M DFI
and percentage of HDS (p = 0.04
and p = 0.04, respectively)
3-PBA concentration > 50th with
percentage of H DFI (p = 0.03)

association between: CDCCA concentration > 50th percentile with
disomy of chromosome 18 (p = 0.05);
TDCCA concentration > 50th percentile with XY disomy (p = 0.04)
and chromosome 21 disomy
(p = 0.05) 3-PBA concentration ≤
50 and > 50th percentile with XY
disomy (p = 0.05 and p = 0.02, respectively), Y disomy (p = 0.04 and p
= 0.02), chromosome 21 disomy (p =
0.04 and p = 0.04) and total disomy
(p = 0.03 and p = 0.04)
3-PBA concentration > 50th percentile positively associate with chromosome 18 disomy (p = 0.03)

322 university healthy no significant association between
students recruited
3-PBA concentration and semen
in Metropolitan
quality parameters (p > 0.05)
Tokyo

at Massachusetts
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crosssectional

crosssectional
pilot study

crosssectional

Toshima et al.
(2012) [72],
Japan

Liu et al. (2012)
[108], China

crosssectional

Pant et al. (2011)
[112], India

Phthalates

Jurewicz et al.
(2016) [74],
Poland

Endocrine disruptor
Study design
and study

mean unadjusted:
MMP = 26.9 ng/ml
MEP = 175 ng/ml
MBP = 25.7 ng/ml
MBzP = 0.42 ng/ml

median SG-corrected:
MMP = 7.22 ng/ml
MEP = 10.7 ng/ml
MnBP = 65.7 ng/ml
MBzP = 9.18 ng/ml
MEHP = 5.94 ng/ml
MEHHP = 11.5 ng/ml
MEOHP = 7.93 ng/ml
3-PBA = 1.14 ng/ml

mean DEHP:
oligoasthenospermic
group – 13.47 μg/ml
asthenospermic group –
4.11 μg/ml
fertile group – 0.80 μg/ml

median:
3-PBA = 0.15 μg/l
TDCCA = 0.15 μg/l
CDCCA = 0.12 μg/l

Concentration of endocrine
disrupting chemicals (EDC)

42 men recruited
through infertility
clinic

180 healthy young
men recruited
through Medical
University

194 men with normal
sperm concentrationb
and slightly oligozoospermicc recruited
through infertility
clinic in Łódź

Study population

urinary concentration (free plus
97 male partners of
conjugated species) of MMP, MEP, couples recruited
MBP, MBzP, MEHP, MEOHP
through fertility clinic
LODs = 0.15–1 μg/l
2 urine samples collected

urinary concentrations of MMP,
MEP, MnBP MBzP, MEHP,
MEHHP, MEOHP
LODs = 0.006–0.2 ng/ml
single urine sample collected

total semen phthalate concentration of DBP, DEHP
LOD = 0.01 mg/ml for DBP,
DEHP
single semen sample collected

urinary concentrations of 3-PBA,
CDCCA, TDCCA levels
LOD = 0.1 ng× ml–1 for all
metabolites
single urine sample collected

Samples measured

Results

significant dose–response relationship
between MBP and sperm
concentration (ORs for increasing
exposure tertiles: 6.8 and 12;
p for trend = 0.05)

significant positive association
between MnBP concentration
and sperm concentration (β = 0.294,
p < 0.05)

significant negative association between sperm motility and DEHP in
oligoasthenospermice and asthenospermicf men (r = –0.3, –0.25;
p < 0.001, p < 0.01, respectively)
significant negative association between sperm motility and DBP in
oligoasthenospermic and asthenospermic men (r = –0.25, –0.2;
p < 0.01, p < 0.01, respectively)

negative associations between the
concentration CDCCA to TDCCA
with Y:X sperm chromosome ratio
(p < 0.001)
in separate models:
concentration of CDCCA decrease
Y:X ratio (p = 0.002)
concentration of TDCCA increase
the Y:X ratio (p = 0.003)

Table 1. Results of studies investigating environmental exposure to endocrine disruptors and associations with semen parameters – cont.
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crosssectional

crosssectional

Joensen et al.
(2012) [119],
Denmark

Jurewicz et al.
(2013) [113],
Poland

geometric mean:
5OH-MEHP = 24.5 μg/l
MEHP = 18.4 μg/l
MBzP = 8.3 μg/l
MBP = 108.5 μg/l
MEP = 153.6 μg/l
MiNP = 1.4 μg/l

median:
MEP = 78 ng/ml
MnBP = 28 ng/ml
MiBP = 58 ng/ml
MBzP = 34 ng/ml
MEHP = 4 ng/ml
MEHHP = 23 ng/ml
MEOHP = 14 ng/ml
MECPP = 15 ng/ml
MOP = 0.1 ng/ml
MCPP = 5.0 ng/ml
MiNP = 0.6 ng/ml
MHiNP = 4.5 ng/ml
MOiNP = 2.3 ng/ml
MCiOP = 7.7 ng/ml

MEHP = 1.63 ng/ml
MEOHP = 2.7 ng/ml
mean CR-adjusted:
MMP = 41.3 μg/g
MEP = 300 μg/g
MBP = 41 μg/g
MBzP = 0.78 μg/g
MEHP = 2.99 μg/g
MEOHP = 3.9 μg/g

urinary concentrations of
5OH-MEHP, MEHP, MEP,
BBzP, MBzP, MiNP, MBP
LODs = 0.01–0.07 μg/l
single urine sample collected

269 men with normal
sperm concentrationb
and slightly oligozoospermicc recruited
through infertility
clinic in Łódź

urinary concentration of
881 men from the
14 phthalate metabolites: MEP,
general population
MiBP, MnBP, MBzP, MEHP,
MEHHP, MEOHP, MECPP, MOP,
MCPP, MiNP, MHiNP, MOiNP,
MCiOP, % MEHP, % MiNP
LODs = 0.05–0.63 ng/ml
single urine sample collected

significant negative association
between MBP with a decrease in
CASA parameters: VSL (p = 0.007),
VCL (p = 0.009) and increase
sperm DNA damage (p = 0.047)
significant negative association
between percentage of motile
sperm cells with 5OH-MEHP
(p = 0.003), MEHP (p = 0.001),
MiNP (p = 0.033)
in multivariate models MBzP
positively related to the lack
of chromosome 21 (p = 0.008),
total copy number changes
of chromosome 21 (p = 0.018)

negative significant association between urinary concentration of MBzP
with total sperm count (23% lower in
the highest vs. lowest MBzP quartile,
95% CI: –45–(–1)%, p = 0.04)

significant positive correlation
between Cr-adjusted MEP
and VSL (r = 0.232, p < 0.05)
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crosssectional

crosssectional

Kranvogl et al.
(2014) [109],
Slovenia

Specht et al.
(2014) [118],
Greenland,
Poland, Ukraine

Endocrine disruptor
Study design
and study

mean:
DMP = 0.091 μg/l
DEP = 1.668 μg/l
DBP = 2.546 μg/l
BzBP = 2.093 μg/l
DEHP = 4.205 μg/l
MEP = 0.444 μg/l
MnBP = 0.422 μg/l
MiBP = 0.403 μg/l
MEHP = 0.479 μg/l
MiNP = 0.116 μg/l
MnOP = 0.075 μg/l
MBzP = 0.284 μg/l
MEOHP = 0.073 μg/l
MEHHP = 0.084 μg/l
mean:
proxy-MiNP = 0.004 ng/ml
proxy-MEHP = 0.01 ng/ml
5OH-MEHP = 1.2 ng/ml
5oxo-MEHP = 0.2 ng/ml
5cx-MEPP = 1.6 ng/ml
7OH-MMeOP = 0.4 ng/ml
7oxo-MMeOP = 0.04 ng/ml
7cx-MMeHP = 0.8 ng/ml

Concentration of endocrine
disrupting chemicals (EDC)
Study population

Results

serum concentration of proxyMEHP, 5OH-MEHP, oxo-MEHP,
5cx-MEPP, 7OH-MMeOP,
7oxo-MMeOP, 7cx-MMeOP,
proxy-MiNP
LODs = 0.03–0.2 ng/ml
single venous blood sample
collected

589 male partners
of pregnant women

significant inverse association
between proxy-MEHP with semen
volume –0.09 (95% CI: –0.15–
(–0.02)) and TSC = –0.15 (95% CI:
–0.23–(–0.01))
significant inverse association
between 5OH-MEHP with
semen volume –0.09 (95% CI:
–0.15–(–0.02)) and TSC = –0.13

and chromosome 18 (p = 0.046)
significant association between MBP
and MEP with increase the lack of
chromosome 21 and additional
chromosome 18 (p = 0.010 and
p = 0.007, respectively)
significant association between
MEHP and additional
chromosome 13 (p = 0.01), the lack
of chromosome X or Y (p = 0.011)
and total copy number changes of
chromosome XY (p = 0.005)
urinary concentrations of 5 dialkyl 136 male partners
significant negative correlations
phthalates: DMP, DEP, DBP BzBP, of couples recruited between sperm concentration and
DEHP and 9 phthalate monoesthrough fertility clinic MEHP (β = –0.188, p < 0.05),
ters: MEP, MiBP, MnBP, MEHP,
DMP (β = –0.181, p < 0.05),
MBzP, MiNP, MnOP, MEOHP,
DBP (β = –0.214, p < 0.05),
MEHHP
DEHP (β = –0.266, p < 0.01),
LOQs = 0.3–12 μg/l
MEOHP (β = –0.190, p < 0.05),
single urine sample collected
∑DEHP (β = –0.302, p < 0.01)
significant positive association
between semen motility
and MEHP (β = –0.224, p < 0.05),
DBP (β = –0.204, p < 0.05),
MEOHP (β = –0.172, p < 0.05),
∑DEHP (β = –0.234, p < 0.01)

Samples measured
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crosssectional

Han et al. (2014)
[117], China

Axelsson et al.
(2015) [114],
Sweden

crosssectional

Wang et al. (2015) cross[107], China
sectional

crosssectional

Pant et al. (2014)
[111], India

geometric mean unadjusted:
MBP = 17.7 μg/l
MEP = 5.3 μg/l
MEHP = 4.3 μg/l
PA = 1.71 μg/l
total PA = 84.48 μg/l
CR adjusted:
MBP = 22.9 μg/g CR
MEP = 6.5 μg/g CR
MEHP = 5.4 μg/g CR
PA = 2.20 μg/g CR
total PA = 114.41 μg/g CR
median CR-corected:
MBP = 0.83 ng/ml
MEHHP = 0.72 ng/ml
MEP = 0.52 ng/ml
MBzP = 0.66 ng/ml
MEHP = 0.63 ng/ml
MEOHP = 0.61 ng/ml
% MEHP = 0.52 ng/ml
MMP = 0.26 ng/ml
median unadjusted:
MEHP = 2.8 ng/ml
MECPP = 15 ng/ml

mean:
DEP = 0.9 μg/ml
DBP = 0.97 μg/ml
DEHP = 0.59 μg/ml

urinary concentration of MEHP,
MECPP, MEHHP, MEOHP,
MCiOP, MHiNP, MOiNP, MBP,

urinary concentrations of MMP,
MEP, MBP, MBzP, MEHP,
MEHHP, MEOHP, MOP,
% MEHP
LODs = 0.01–0.04 ng/ml
2 urine samples collected

urinary concentration of MEP,
MEHP, MBP, MBzP, PA
and total PA
LOD = 0.3–1.5 μg/ml
single urine sample collected

seminal concentration of DEHP,
DBP, DEP
LOD for all = 1 ppb
single semen sample collected

314 young men from
general population

509 male partners of
sub-fertile couples
recruited through
infertility clinic

232 men from
general population
from the urban area
of Chongqing

60 male partners
of couples
recruited through
fertility clinic

negative association between
MECPP, MEOHP, MEHHP, MBP
with progressive sperm motility

positive dose-response relationships
between % MEHP and tail DNA%
5.7% (95% CI: 1.2–10.2%)
(p for trend < 0.05)

(95% CI: –0.25–(–0.00))
significant inverse association
between 7OH-MMeOP with
TSC = –0.06 (95% CI: –0.12–(–0.00))
association between concentration
of DEHP with sperm motility (β =
–21.63, p < 0.004), and sperm concentration (β = –17.83, p < 0.001)
inverse association between DEHP
with normal sperm morphology
(p < 0.001)
association between DEHP with
% DNA in the tail (β = 10.39, p <
0.003), TDM (β = 8.13, p < 0.005),
tail length (β = 11.72, p < 0.03)
association between urinary MBP
concentration and sperm concentration 1.97 (95% CI: 0.97–4.04)
no significant associations between
MEP, MEHP, PA or total PA and
any of the semen parameters
no significant correlation between
phthalate metabolites and comet
assay parameters
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case-control geometric mean:
controls –
MEHP = 2.6 μg/l
5OH-MEHP = 10.9 μg/l
5oxo-MEHP = 7.7 μg/l
MEP = 49.9 μg/l
MiBP = 55.4 μg/l
MnBP = 18.9 μg/l
MBzP = 4.5 μg/l
case –
MEHP = 2.9 μg/l
5OH-MEHP = 10.4 μg/l
5oxo-MEHP = 7.2 μg/l
MEP = 40.5 μg/l
MiBP = 55.2 μg/l
MnBP = 20.7 μg/l
MBzP = 4.6 μg/l

Den Hond et
al. (2015) [39],
Belgium

geometric mean:
MEHP = 3.61 ng/ml
MEHHP = 22.87 ng/ml
MEOHP = 12.59 ng/ml
MECPP = 32.78 ng/ml
MBP = 15.28 ng/ml
MiBP = 2.80 ng/ml
MCPP = 2.09 ng/ml
MBzP = 11.13 ng/ml
MEP = 200.96 ng/ml

crosssectional

MEHHP = 21 ng/ml
MEOHP = 9.6 ng/ml
MCiOP = 16 ng/ml
MHiNP = 8.4 ng/ml
MOiNP = 5 ng/ml
MBP = 47 ng/ml
MBzP = 13 ng/ml
MEP =41 ng/ml

Concentration of endocrine
disrupting chemicals (EDC)

Thurston et al.
(2015) [115],
United States

Endocrine disruptor
Study design
and study

urinary concentration of MEHP,
MEHHP, MEOHP, MEP, MnBP,
MiBP, MBzP
single urine sample collected

urinary concentration of MEHP,
MEHHP, MEOHP, MECPP,
MBP, MiBP, MCPP, MBzP, MEP
LOD = 0.2–1.2 ng/ml
single urine sample collected

MBzP, MEP, % MEHP
single urine sample collected

Samples measured

120 healthy men
recruited through
fertility clinic
case group – 40 men
control group –
80 men

420 partners
of pregnant women
recruited through
the studies for future
families

Study population

Results

no relationships between exposure
to phthalates and sperm quality
parameters (all p for trend > 0.05)

no statistically significant associations
between any of the semen parameters
and any of the metabolites concentrations, with the exception of inverse
relationship between MBzP and
sperm motility –1.47 (95% CI:
–2.61–(–0.33), p < 0.05)

(0.001–0.03, with the largest effect
size for urinary MECPP)
positive association between MEHP
with HDS (p < 0.05)
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crosssectional

Wang et al.
(2015) [106],
China

median:
1st urine sample –
MMP = 20.78 ng/ml
MEP = 18.48 ng/ml
MBP = 69.89 ng/ml
MBzP = 2.92 ng/ml
MEHP = 5.79 ng/ml
MEHHP = 13.86 ng/ml
MEOHP = 7.92 ng/ml
MOP = 0.03 ng/ml
% MEHP = 22.1 ng/ml
2nd urine sample –
MMP = 21.74 ng/ml
MEP = 17.86 ng/ml
MBP = 62.46 ng/ml
MBzP = 2.95 ng/ml
MEHP = 5.68 ng/ml
MEHHP = 12.46 ng/ml
MEOHP = 7.17 ng/ml
MOP = 0.03 ng/ml
% MEHP = 23.68 ng/ml

prospective geometric mean:
cohort study MEHP = 1.18 ng/ml
MCMHP = 18.5 ng/ml
MEHHP = 15.2 ng/ml
MEOHP = 6.95 ng/ml
MECPP = 20.4 ng/ml
MMP = 0.54 ng/ml
MEP = 86.4 ng/ml
MCPP = 5.56 ng/ml
MOP = –0.05 ng/ml
MNP = 0 ng/ml
MiBP = 4.36 ng/ml
MBP = 7.28 ng/ml
MCHP = 0.00 ng/ml
MBzP = 3.57 ng/ml

Bloom et al.
(2015) [116],
Belgium

urinary concentration of MMP,
MEP, MBP, MBzP, MEHP,
MEHHP, MEOHP, MOP
LODs = 0.01–0.04 ng/ml
2 urine sample collected

urinary concentration of MEHP,
MCMHP, MEHHP, MEOHP,
MECPP, MMP, MEP, MCPP, MOP,
MNP, MiBP, MBP, MCHP, MBzP
LOQs = 0.05–1 ng/ml
single urine sample collected

1 040 male partners
of sub-fertile couples
recruited through
infertility clinic

473 male partners
of couples planning
contraception were
recruited from
16 counties in
Michigan and Texas

significant inverse associations
between MBP and below-references
sperm concentration OR comparing
extreme MBP quartiles 2.01
(95% CI: 1.07–3.79, p for trend =
0.06) and TSC = 1.8 (95% CI:
1.05–3.08, p for trend 0.02)
significant positive associations
between MEHP and % of DEHP
execrated as MEHP (% MEHP) and
the % of abnormal heads (both p for
trend < 0.01)

significantly inverse association between MCMHP, MEHHP, MBzP,
MNP with (respectively) TSC:
(β = –2.89, 95% CI: –5.62–(–0.17),
β = –2.85, β = –4.96, β = –7.2)
concentration: (β = –2.2, β = –1.92,
β = –3.09, β = –3.62)
urinary phthalates monoesters also
were significantly associate with:
sperm motility: increase (MEHP)
and decrease (MCMHP, MEOHP,
MECPP, MMP, MCPP);
altered morphology (MCMHP,
MEHHP, MECPP, MMP, MEP,
MNP, MiBP, MBP)
altered sperm head (MCMHP,
MEHHP, MECPP, MMP, MiBP,
MBzP) (all p for trends < 0.05)
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crosssectional

crosssectional

Pan et al. (2016)
[110], China

Wang et al.
(2016) [105],
China

Endocrine disruptor
Study design
and study

IJOMEH 2018;31(4)
mean:
MMP = 5.8 μg/l
MEP = 2.3 μg/l
MBP = 1.2 μg/l
MBzP = 0.091 μg/l
MEHP = 2.2 μg/l
MEHHP = 0.25 μg/l
MEOHP = 0.055 μg/l
MOP = 0.031 μg/l

geometric mean unadjusted:
MMP = 16.9 ng/ml
MEP = 14.1 ng/ml
MBP = 89.5 ng/ml
MiBP = 47.6 ng/ml
MCPP = 1.0 ng/ml
MEHP = 4.2 ng/ml
MEHHP = 12.4 ng/ml
MEOHP = 7.7 ng/ml
MECPP = 17 ng/ml
MCMHP = 4.6 ng/ml
MBzP = 0.1 ng/ml
MiNP = 0.2 ng/ml
MCiOP = 1.6 ng/ml

Concentration of endocrine
disrupting chemicals (EDC)

semen concentrations of MMP,
MEP, MBP, MBzP, MEHP,
MEHHP, MEOHP, MOP and
% MEHP
LODs = 8–43 ng/l
single semen sample collected

urinary concentrations of MMP,
MEP, MCPP, MBP, MiBP, MBzP,
MEHP, MEHHP, MEOHP,
MECPP, MCMHP, MiNP, MCiOP
and low-MWP, high-MWP,
∑PAEs
LOQ = 0.2 ng/ml for MMP, MBP,
MiBP
LOQ = 0.1 ng/ml for the other
phthalate metabolites
single urine sample collected

Samples measured

687 male partners of
sub-fertile couples
recruited through
reproductive center
in Wuhan

562 male partners of
sub-fertile couples
recruited through
infertility clinic

Study population

Results

significant dose-response
relationships between decreasing
semen volume and MBP 17%
(95% CI: –26–(–9.2)%), MEHP 10%
(95% CI: –19–(–2.7)%), MEHHP
8.1% (95% CI: –16–(–0.7)%) and
MEOHP 18% (95% CI: –26–
(–9.4)%) (all p for trend < 0.05)
inverse significant associations
of MBzP with VCL and VSL,
and the associations of MEHP
and % MEHP with VCL (p < 0.05)
suggestive associations of MBzP
with percentages of abnormal heads
and tails remained (p = 0.08,
p = 0.06, respectively)

significant inverse associations of lowMWP (–19; 95% CI: –26.4–(–11.5),
p < 0.001), high-MWP (–8.9; 95% CI:
–15.4–(–2.4), p = 0.007), and ∑PAEs
(–18.9; 95% CI: (–26.4–(–11.4);
p < 0.001) with sperm concentration
significant inverse associations of lowMWP (–53.5; 95% CI: –79.5–(–27.6),
p < 0.001), high-MWP (–22.5;
95% CI: –44.9–(–0.1), p = 0.049),
and ∑PAEs (−52.3; 95% CI: –78.3–
(–26.2), p < 0.001) with TSC
significant inverse associations of
low-MWP (–0.37%; 95% CI: –0.66–
(–0.08), p = 0.012), high-MWP
(–0.31%; 95% CI: –0.56–(–0.06),
p = 0.014), and ∑PAEs (–0.38%;
95% CI: –0.67–(–0.09), p = 0.010)
with normal sperm morphology
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crosssectional

geometric mean:
MBzP = 6.9 μg/l
MBP = 81.9 μg/l
MEHP = 15.1 μg/l
5OH MEHP = 19.5 μg/l
MEP = 130 μg/l
MiNP = 1.2 μg/l

urinary concentrations of
5OH-MEHP, MEHP, MEP, BBzP,
MBzP, MINP, MBP
LODs ranged 0.01–0.07 μg/l
single urine sample collected

194 men with normal
sperm concentrationb
and slightly oligozoospermicc recruited
through fertility clinic
in Łódź

negative association between
the concentration of 5OH MEHP
with Y:X sperm chromosome ratio
(p = 0.033)

%MEHP –percentage of measured DEHP metabolites excreted as MEHP; ∑DAP – sum of DMP, DMTP, DMDTP, DEP, DETP, DEDTP; ∑DEAP – sum of DEP, DETP and DEDTP
metabolites; ∑DEHP – parameter calculated from DEHP, MEHP, MEOHP and MEHHP; ∑DMAP – sum of DMP, DMTP and DMDTP metabolites; ∑PAEs – defined as the sum
of MMP, MEP, MCPP, MBP, MiBP, MBzP, MEHP, MEHHP, MEOHP, MECPP, MCMHP, MiNP, MCiOP; 3-PBA – 3-phenoxybenzoic acid; 5cx-MEPP – 5-carboxy-mono-2-ethylpenty
phthalate; 5OH-MEHP – 2-ethyl-5-hydroxy-hexyl phthalate; 5oxo-MEHP – 2-ethyl-5-oxyhexyl phthalate; 7cx-MMeHP – mono(4-methyl-7-carboxyheptyl) phthalate; 7OH-MMeOP – mono-4-methyl-7-hydroxy-octyl phthalate;
7oxo-MMeOP – mono(4-methyl-7-oxooctyl) phthalate; BzBP – benzyl-butyl phthalate; BP – butyl paraben; BzBP – benzyl-butyl phthalate; CDCCA – cis-3-(2,2-dichlorovinyl)-2,2- dimethyl
cyclopropane carboxylic acid; CR – creatinine; DBCA – cis-2,2-dibromovinyl-2,2-dimethylcyclopropane-1-carboxylic acid; DBP – di-butyl phthalate; DEDTP – diethyldithiophosphate;
DEHP – di(2-ethyl- hexyl) phthalate; DEP – di-ethyl phthalate; DETP – diethylthiophosphate; DMDTP – dimethyldithiophosphate; DMP – di-methyl phthalate; DMTP – dimethylthiophosphate; H DFI – high DNA fragmentation index; HDS – high DNA stainability; high-MWP – defined as the sum of MCPP, MEHP, MEHHP, MEOHP, MECPP, MCMHP, MBzP, MiNP
and MCiOP, low-MWP – defined as the sum of MMP, MEP, MBP and MiBP, M DFI – medium DNA fragmentation index; MBP – monobutyl phthalate; MBzP – monobenzyl phthalate;
MCHP – monocyclohexyl phthalate; MCiOP – mono(carboxy-iso-octyl) phthalate; MCMHP – mono-[(2-carboxymethyl)hexyl] phthalate; MCPP – mono (3-carboxypropyl) phthalate;
MECPP – mono (2-ethyl-5-carboxypentyl); MEHHP – mono(2-ethyl-5-hydroxyhexyl) phthalate; MEHP – mono(2-ethylhexyl) phthalate; MEOHP – mono (2-ethyl-5-oxohexyl); MEP –
monoethyl phthalate; MHiNP – mono-(hydroxy-iso-nonyl) phthalate; MiBP – mono (2-isobutyl) phthalate; MiNP – monoisononylphthalate; MMP – monomethyl phthalate; MnBP –
mono-n-butyl phthalate; MnOP – mono-n-octyl phthalate; MNP – mono-isononyl phthalate; MOiNP – mono-(oxo-iso-nonyl) phthalate; MOP – monooctyl phthalate; MP – methylparaben;
PA – phthalic acid; PNP – para-nitrophenol; PP – propylparaben; proxy-MEHP – summed 5cx-MEHP, 5OH-MEHP and 5oxo-MEHP according to their molar weight; proxy-MiNP – mono
isononyl; SG – specific gravity; tail% – percent DNA located in the tail; TDCCA – trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid; TDCPP – tris(1,3-dichloro-2-propyl)
phosphate; TDM – tail distributed moment; TPP – triphenyl phosphate; TSC – total sperm count; VCL – curvilinear velocity; VSL – straight-line velocity.
CASA – computer-aided semen analysis; CI – confidence interval; IQR – interquartile range; IRR – incidence rate ratio; LOD – limit of detection; OR – odds ratio.
a
Men divided into 4 groups according to spermiogram (World Health Organization 2010 criteria [119]): group 1 – normospermic men, group 2 – oligospermic/asthenospermic/oligoasthenospermic men, group 3 –teratospermic/oligoteratospermic/oligoasthenoteratospermic men, group 4 – azoospermic men.
b
Semen concentration of 20–300 mln/ml × 106 ml–1.
c
Semen concentration of 15–20 mln/ml × 106 ml–1.
d
Normal semen concentration of 15–300 mln/ml × 106 ml–1.
e
Oligoasthenospermic men according to spermiogram (World Health Organization 1999 criteria [120]).
f
Asthenospermic men according to spermiogram (World Health Organization 1999 criteria [120]).

Jurewicz et al.
(2016) [74],
Poland
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One of the most recent studies found associations between semen phthalate metabolites with a decrease in:
semen volume (mono-n-butyl phthalate (MBP), mono-(2-ethylhexyl) phthalate (MEHP), mono-(2-ethyl5-hydroxyhexyl) phthalate (MEHHP), mono-(2-ethyl
-5-oxohexyl) phthalate (MEOHP)); motion parameters: curvilinear velocity (VCL) (monobenzyl phthalate (MBzP), MEHP, the percentage share of DEHP metabolites excreted as MEHP (% MEHP)) and straightline velocity (VSL) (MBzP, MEHP, % MEHP) as well
as increased percentage share of abnormal heads and
tails (MBzP) [103]. An earlier publication by the same authors reported that urinary concentrations of monobutyl
phthalate (MBP) was associated with decreases in sperm
concentration and total sperm count. Urinary levels of
mono-(2-ethylhexyl) phthalate (MEHP) were also linked
to an increased percentage share of abnormal heads [104].
The study also investigated whether environmental exposure to phthalates contributed to sperm DNA damage
and found a positive dose-response relationship between
phthalate metabolites and tail DNA% [105].
In 4 other studies, a significant positive association between urinary phthalate metabolites and sperm concentration was observed [70,106–108]. Another finding in
these studies was a significant inverse relationship between urinary phthalate metabolites on the one hand and
total sperm count, sperm morphology [108], sperm motility [107] and sperm motion parameters VSL on the other [106]. Pant et al. (2014) examined seminal concentrations of phthalates and found that di(2-ethylhexyl) phthalate (DEHP) might contribute to a decline in semen quality parameters such as sperm motility, concentration and
morphology, and that it could induce DNA damage [109].
Three years earlier the same authors reported a significant negative association between sperm motility and the
seminal concentrations of dibutyl phthalate (DBP) and
di-(2-ethylhexyl) phthalate (DEHP) [110]. These results
are consistent with the findings of the study performed
26
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among Polish subfertile males, in the case of which the
levels of urinary phthalate metabolites were significantly associated with a decrease in sperm motility (mono
(2-ethyl-5-hydroxyhexyl)phthalate (5OH MEHP), MEHP,
monoisononylphthalate (MiNP)), computer-aided semen analysis (CASA) parameters (mono-n-butyl phthalate (MBP)), and an increase in sperm DNA dama
ge (MBP). The authors found that phthalate exposure
was also associated with sperm aneuploidy (MBzP, MBP,
MEHP, monoethylphthalate (MEP)) [111].
In another study by the same authors, a negative association between the concentration of 5OH MEHP
and Y:X sperm chromosome ratio was observed [72].
This review identified only one study performed among
subfertile patients in which no relationship between the
exposure to phthalates and sperm quality parameters was
observed [39]. Furthermore, all the studies performed
among men from the general population have reported an
association between the exposure to phthalates and semen
quality. One of the recent studies conducted among young
healthy men from Sweden reported that levels of DEHP
metabolites were associated with a lower proportion of
progressively motile and mature spermatozoa [112].
Two other studies found a link between other urinary
phthalates metabolites and sperm motility [113,114].
Bloom et al. (2015) also showed a significant inverse association of phthalates with sperm concentration, total
sperm count, sperm morphology and sperm head [114].
Additionally, Han et al. (2014) reported an association
between urinary MBP concentration and sperm concentration [115]. Another study, in which serum concentrations of phthalate metabolites were measured, reported
that an increasing exposure to DEHP primary metabolite
(Proxy-MEHP) and 5OH-MEHP was associated with decreased semen volume and total sperm count [116]. Joensen et al. (2012) also found a negative significant association between urinary concentrations of phthalate metabolites and one of the semen quality parameters. The study
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revealed a negative significant association between urinary
concentration of MBzP and total sperm count [117].
The results of the reviewed studies indicate the same association between environmental exposure to phthalates
and semen quality outcomes.
CONCLUSIONS
Most of the studies reviewed in this paper showed an association between exposure biomarkers and non-persistent EDCs and at least one parameter of semen quality
(Table 1).
Sperm concentration was the most frequently measured parameter. In most of the reviewed studies, a positive correlation between the investigated EDC and this
parameter was found. This association was therefore
found in all the studies in which urinary concentrations of OP metabolites and sperm concentrations were
measured [73,93–95]. The same correlation was also
found in most studies of BPA [19,20,23–25] and phthalates [70,104,106–109,114,115]. There is also some evidence
that non-persistent EDCs may impact sperm motion parameters [68,71,103,106,111]. Another parameter which
was measured in almost all the studies was semen volume
and total sperm count. The results were, however, inconsistent (Table 2). Inconsistent results, with a predominance
of negative outcomes, were also found in numerous studies
in which progressive motility, total motile count and morphology after EDC exposure were assessed (Table 2).
Studies have been consistent about the impact of synthetic
pyrethroids, OPPs and phthalates on sperm aneuploidy
and X:Y ratio. However, there were only 5 studies which
assessed these parameters [72,75,76,96,111]. In almost all
of the reviewed papers, there was an association between
the exposure to some non-persistent EDCs (BPA, parabens, pyrethroids, phthalates) and DNA damage measured as tail% and DFI (Table 2). In only 2 of the 11 studies in which this parameter was measured, no such asso
ciations were found [112,115].
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The inconsistencies in the results may be due to many
limitations. In the case of studies investigating BPA exposure, the variety of results may have been due to the
differences in the selection of study groups and biological fluids in which concentrations of BPA were measured.
In TCS studies, the use of diverse methods of urinary TCS
quantification and various statistical models may have
affected the results. The divergence of the results in the
studies of phthalates exposure and semen quality may
have arisen from the various confounding factors identified in the studies, the creatinine adjustment or specific
gravity adjustment, the different sample size and the different phthalate metabolites assessed. To the best of our
knowledge, the relationship between TCS exposure and
semen quality was only assessed in one study, so it is difficult to compare the results. The studies showed that the
exposure to synthetic pyrethroids and OPPs was associated with a negative impact on semen quality.
In general, the limitations of the studies could have arisen
from the study design, as most of the studies were crosssectional studies. This type of study is known to have several
shortcomings, including the limitation in causal inference.
Only 6 prospective cohort studies, which do not have this
bias, were identified [18,20,22,25,73,114]. The study sample size and the varying definitions of exposure could also
have impacted the results. The use of various biomarkers
to ascertain exposure may have some bearing on the statistical association. In most of the studies, concentrations
of endocrine disruptor metabolites in urine were measured.
In several publications, the selected chemicals were also
measured in semen and plasma [23,24,103,109,110,116].
Only one study assessed the parent compounds [94]. Additionally, the various endpoints for the assessment of semen
quality may be a possible explanation for the differences in
the study’s results.
Another limitation is the difficulty to determine the timing of exposure to EDCs in relation to spermatogenesis
(which lasts about 70–80 days). In most of the studies,
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(–) Chen et al.
(2013) [38]
(–) Zhu et al.
(2016) [37]

(–) Mendiola et al. (2010) [18]
(–) Li et al. (2011) [25]
(–) Knez et al. (2014) [20]
(–) Lassen et al. (2014) [21]
(–) Goldstone et al. (2015) [22]

(–) Mendiola et al. (2010) [18] (+) Zhu et al.
(+) Meeker et al. (2010) [19]
(2016) [37]
(–) Li et al. (2011) [25]
(–) Knez et al. (2014) [20]
(+) Lassen et al. (2014) [21]
(–) Goldstone et al. (2015) [22]
(–) Vitku et al. (2015) [23]
(–) Vitku et al. (2016) [24]

Sperm
volume

Progressive
motility

triclosan
(–) Chen et al.
(2013) [38]
(+) Zhu et al.
(2016) [37]

bisphenol A

Sperm con- (–) Mendiola et al. (2010) [18]
centration (+) Meeker et al. (2010) [19]
(+) Li et al. (2011) [25]
(+) Knez et al. (2014) [20]
(–) Lassen et al. (2014) [21]
(–) Goldstone et al. (2015) [22]
(+) Vitku et al. (2015) [23]
(+) Vitku et al. (2016) [24]

Semen
parameters

(–) Meeker et al.
(2010) [50]

(–) Meeker et al.
(2010) [50]

parabens

(+) Meeker et al.
(2008) [68]
(–) Xia et al.
(2008) [73]
(–) Ji et al.
(2011) [69]
(+) Toshima et al.
(2012) [72]

(–) Xia et al.
(2008) [73]
(–) Ji et al.
(2011) [69]
(–) Toshima et al.
(2012) [72]
(–) Imai et al.
(2014) [71]

(–) Perry et al.
(2007) [70]
(+) Meeker et al.
(2008) [68]
(+) Xia et al.
(2008) [73]
(+) Ji et al.
(2011) [69]
(–) Toshima et al.
(2012) [72]
(–) Imai et al.
(2014) [71]

synthetic
pyrethroids

Association

Table 2. Summary of associations of environmental exposure to endocrine disruptors with semen quality

(–) Meeker et al.
(2010) [94]
(+) Perry et al.
(2011) [93]
(+) Melgarejo
et al. (2015) [95]

(–) Melgarejo
et al. (2015) [95]

(+) Perry et al.
(2007) [70]
(+) Meeker et al.
(2010) [94]
(+) Perry et al.
(2011) [93]
(+) Melgarejo
et al. (2015) [95]

organophosphorus
pesticides
(–) Pant et al. (2011) [110]
(+) Toshima et al. (2012) [72]
(+) Liu et al. (2012) [106]
(–) Joensen et al. (2012) [117]
(–) Jurewicz et al. (2013) [111]
(+) Kranvogl et al. (2014) [107]
(–) Specht et al. (2014) [116]
(+) Pant et al. (2014) [109]
(+) Han et al. (2014) [115]
(–) Axelsson et al. (2015) [112]
(+) Wang et al. (2015) [104]
(+) Bloom et al. (2015) [114]
(–) Den Hond et al. (2015) [39]
(–) Thurston et al. (2015) [113]
(+) Pan et al. (2016) [108]
(–) Wang et al. (2016) [103]
(–) Pant et al. (2011) [110]
(–) Joensen et al. (2012) [117]
(–) Liu et al. (2012) [106]
(–) Toshima et al. (2012) [72]
(–) Han et al. (2014) [115]
(+) Specht et al. (2014) [116]
(–) Wang et al. (2015) [104]
(–) Bloom et al. (2015) [114]
(–) Axelsson et al. (2015) [112]
(+) Wang et al. (2016) [103]
(+) Pant et al. (2011) [110]
(–) Joensen et al. (2012) [117]
(–) Liu et al. (2012) [106]
(–) Toshima et al. (2012) [72]
(+) Jurewicz et al. (2013) [111]
(–) Han et al. (2014) [115]
(+) Kranvogl et al. (2014) [107]
(–) Wang et al. (2015) [104]

phthalates
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Sperm mo- (–) Meeker et al. (2010) [19]
tion (VSL,
VCL, LIN,
VAP, BCF,
STR)

(–) Mendiola et al. (2010) [18]
(–) Meeker et al. (2010) [19]
(+) Li et al. (2011) [25]
(+) Knez et al. (2014) [20]
(–) Lassen et al. (2014) [21]
(–) Goldstone et al. (2015) [22]
(+) Vitku et al. (2015) [23]
(+) Vitku et al. (2016) [24]

Total sperm
count

(–) Zhu et al.
(2016) [37]

(–) Chen et al.
(2013) [38]
(+) Zhu et al.
(2016) [37]

(–) Mendiola et al. (2010) [18] (+) Zhu et al.
(+) Meeker et al. (2010) [19]
(2016) [37]
(–) Li et al. (2011) [25]
(–) Knez et al. (2014) [20]
(–) Lassen et al. (2014) [21]
(–) Goldstone et al. (2015) [22]
(–) Vitku et al. (2015) [23]
(+) Vitku et al. (2016) [24]

Morphology

(–) Den Hond
et al. (2015) [39]

(–) Mendiola et al. (2010) [18]
(+) Knez et al. (2014) [20]

Total motile
count

Non progres- (–) Knez et al. (2014) [20]
sive motility

(–) Meeker et al.
(2010) [50]

(–) Meeker et al.
(2010) [50]

(–) Meeker et al.
(2010) [50]

(+) Meeker et al.
(2008) [68]
(+) Xia et al.
(2008) [73]

(–) Xia et al.
(2008) [73]
(–) Ji et al.
(2011) [69]
(–) Imai et al.
(2014) [71]

(–) Meeker et al.
(2008) [68]

(–) Imai et al.
(2014) [71]

(–) Imai et al.
(2014) [71]

(+) Melgarejo
et al. (2015) [95]

(–) Meeker et al.
(2010) [94]
(+) Melgarejo
et al. (2015) [95]

(+) Melgarejo
et al. (2015) [95]

(+) Liu et al. (2012) [106]
(+) Jurewicz et al. (2013) [111]
(–) Wang et al. (2015) [104]
(+) Wang et al. (2016) [103]

(+) Joensen et al. (2012) [117]
(–) Han et al. (2014) [115]
(+) Specht et al. (2014) [116]
(+) Wang et al. (2015) [104]
(+) Bloom et al. (2015) [114]
(–) Thurston et al. (2015) [113]
(–) Axelsson et al. (2015) [112]
(–) Wang et al. (2016) [103]
(+) Pan et al. (2016) [108]

(–) Joensen et al. (2012) [117]
(–) Liu et al. (2012) [106]
(–) Jurewicz et al. (2013) [111]
(–) Han et al. (2014) [115]
(+) Pant et al. (2014) [109]
(+) Wang et al. (2015) [104]
(+) Bloom et al. (2015) [114]
(–) Den Hond et al. (2015) [39]
(–) Thurston et al. (2015) [113]
(–) Axelsson et al. (2015) [112]
(+) Wang et al. (2016) [103]
(+) Pan et al. (2016) [108]

(+) Pant et al. (2014) [109]
(–) Wang et al. (2015) [104]
(–) Thurston et al. (2015) [113]
(–) Wang et al. (2016) [103]

(+) Axelsson et al. (2015) [112]
(+) Bloom et al. (2015) [114]
(–) Den Hond et al. (2015) [39]
(+) Thurston et al. (2015) [113]
(–) Wang et al. (2016) [103]
(–) Pan et al. (2016) [108]
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(+) Axelsson et al. (2015) [112]

(+) Jurewicz et al. (2013) [111]
(–) Axelsson et al. (2015) [112]

(–) Han et al. (2014) [115]
(+) Pant et al. (2014) [109]
(+) Wang et al. (2015) [105]

(–) Han et al. (2014) [115]
(+) Pant et al. (2014) [109]
(–) Wang et al. (2015) [105]

(–) Han et al. (2014) [115]
(+) Pant et al. (2014) [109]
(–) Wang et al. (2015) [105]

phthalates

(+) Jurewicz et al. (2016) [74]

(+) Figueroa et al. (+) Jurewicz et al. (2013) [111]
(2015) [96]

organophosphorus
pesticides

(–) – no significant association; (+) – significant association.
VSL – straight-line velocity; VCL – curvilinear velocity; LIN – linearity; VAP – average path velocity; BCF – beat cross frequency; STR – straightness; TDM – tail distributed moment;
tail% – percent DNA located in the tail; DFI – DNA fragmentation index; HDS – high DNA stainability.

(+) Jurewicz et al.
(2016) [74]

X:Y ratio

(+) Ji et al. (2011)
[69]
(+) Jurewicz et al.
(2015) [67]

(+) Meeker et al.
(2008) [68]

(+) Young et al.
(2013) [75]
(+) Radwan et al.
(2015) [76]

(+) Goldstone et al. (2015) [22]

DFI

(+) Meeker et al.
(2010) [50]

(–) Meeker et al.
(2008) [68]

(–) Meeker et al.
(2008) [68]

synthetic
pyrethroids

Aneuploidy

(+) Meeker et al. (2010) [19]

tail%

(–) Meeker et al.
(2010) [50]

(–) Meeker et al.
(2010) [50]

parabens

(+) Jurewicz et al.
(2015) [67]

(–) Meeker et al. (2010) [19]

TDM

triclosan

Association

HDS

(–) Meeker et al. (2010) [19]

bisphenol A

comet
extent,
tail length

Sperm DNA
damage

Semen
parameters

Table 2. Summary of associations of environmental exposure to endocrine disruptors with semen quality – cont.
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only one urine sample was collected from each patient
and analyzed. As non-persistent endocrine disruptors are
metabolized in 24–48 h, a single urine sample may not
reliably define the usual exposure and a clear association
between exposure and semen parameters is difficult to assess. However, Meeker et al. (2005) have reported that
a single sample adequately predicts longer-term average
exposure [118]. In addition, in most of the studies, a single
semen sample was collected to measure semen parameters. In this case it was also reported that a single sample
was enough to correctly evaluate semen parameters [95].
And lastly, the inconsistencies in the results may have
been caused by the disparity in exposure levels, uncontrolled confounding factors and differences in the statistical analysis. In some of the studies, a large number of
statistical comparisons was made, which cannot eliminate
chance findings [50,70]. It should also be noted that coexposure from other environmental chemicals might have
altered the observed associations.
In conclusion, despite the numerous limitations of the results the reviewed studies suggest that exposure to nonpersistent endocrine disruptors (bisphenol A, triclosan,
parabens, OPPs, pyrethroids and phthalates) may affect
semen quality parameters. Due to the insufficient evidence further epidemiological studies are needed to confirm these findings.
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