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Abstract

Background: Endocrine disruptors originate from multiple sources making their health impacts enormously com-
plex. This study systematically synthesizes the sources, exposure, and effects of personal care products on reproduc-
tive health.

Main body: The PRISMA and Meta-Analyses frameworks were used to review and present integrated evidence. The
literature search was undertaken in PubMed, Google Scholar, and Scopus. All studies that focused on the sources,
exposure pathways, and reproductive health impact of endocrine disruptors were included in the final review.
Although the review included articles published from 2000 to 2021, most studies were conducted between the years
2010 and 2020. There was great variability in terms of studies conducted in individual countries, of which 34.4% were
published in the USA. The review found that endocrine disruptors abound in the environment and their impact on
females and males'reproduction are profound. Phthalates, Bisphenol A, MXC, and Dioxins were widely studied EDCs as
determiner of reproductive health. Crucially, the human body concentration of these EDCs varies between people of
diverse backgrounds.

Conclusion: While the bodily concentration of these EDCs is higher, it varies greatly among different groups of

people. Respective governments and NGOs should provide the needed funding for research on personal care prod-
ucts and EDCs. Moreover, individual and spatial heterogeneity should be considered in the risk assessment of these

chemicals.

Keywords: Endocrine disruptive chemicals, Personal care products, Reproductive health, Exposure pathways

Background

Personal care products including facial and hair creams,
hand soaps, and skin lightening products are major
sources of endocrine disruptive chemicals (EDCs) such as
parabens, triclosan, and phthalates. In the past few dec-
ades, the number of personal care products production
and usage has increased significantly (Wang et al. 2021;
Garlantézec et al. 2013). Young and sexually active people
between the ages of 18 and 30 years around the world are
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increasingly using pharmaceutical, cosmetic, and other
related personal care products for reasons including
maintaining sexual drive, sexual outlook, and mood-sta-
bilizing (Hardon et al. 2013). Yet, health science research-
ers largely ignore the assessment of post-consumption
risks and consequences (Hardon et al. 2013; Wang et al.
2021). Given that most of these chemicals easily perme-
ate every facet of our lives, their health impacts remain
profound (Bellavia et al. 2019; Dutta et al. 2020; Meeker
et al. 2011; Rattan and Flaws 2019; Zota and Shamasun-
der 2017; Dodge et al. 2015; Li et al. 2019).

Current estimates show that about 18 million pounds
of phthalates are manufactured every year, for which
the majority of them are plasticizers such as polyvinyl
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chlorides (PVC), used in making plastic products (Rat-
tan and Flaws 2019). However, they can easily find their
way into various parts of the human biological system
including the livers and kidney (Costa et al. 2014; Meeker
et al. 2011; Rattan and Flaws 2019). Currently, about 80%
of personal care products such as shampoos, hand soaps,
body lotion, and makeup contain parabens, triclosan, and
other EDCs. It is not surprising that 75-100% of people
around the world are exposed to various EDCs-induced
health risks (Rattan and Flaws 2019). Although these
synthetic biochemicals are used mostly as a safety mech-
anism in products such as anti-microbial and preserva-
tives in personal care products, foods, and drinks, there
is a permissible concentration level set by Consumer
Ingredient Review (CIR), beyond which consequences
becomes apparent (Aydemir et al. 2020).

The impact of EDCs is far-reaching, intersecting vari-
ous biochemical, and physical aspects of human lives
including obesity, diabetes, ovarian damage, sperm
DNA damage, etc. (Pirard et al. 2018; Gravel et al. 2020;
Schrager and Potter 2004; Wang et al. 2021). These dis-
ruptors increasingly affect the estrogen-dependent sign-
aling, which can potentially change the normal beta cell
operation. Recently, attempts have been made to under-
take a comprehensive evaluation of the arrays of phtha-
lates and parabens and how they affect the sexual health
of males and females. It is now well understood that
these chemicals can impact reproduction ability through
low sperm count, prostate cancer, and ovarian damage
(Priskorn et al. 2018). One study found that phthalates
are responsible for ovary dysfunction, which can dis-
rupt folliculogenesis in females. And as noted by Costa
et al. (2014) and Hannon and Flaws (2015), any interrup-
tion in the folliculogenesis process as a result of ovar-
ian malfunctioning can lead to infertility and premature
ovarian failures. Many endocrine disruptive chemicals
abound in our environment considering the multitude of
market-based consumables such as personal care prod-
ucts containing these chemicals. Evidence in terms of
their sources, exposure pathways, impacts, and differen-
tial impact among people of different races, nationalities,
or economic statuses is nevertheless disparate. In order
to provide evidence-based medical practice and health
intervention, there is a need to improve understanding
of these mechanisms. However, a comprehensive review
on this topic is lacking. The current study seeks to syn-
thesize the sources, exposure, and effects of personal care
products on reproductive health.

Main text

The PRISMA guideline was followed to report this
review (Moher et al. 2009). A systematic literature search
was undertaken in diverse research databases of PubMed
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and Scopus. These databases contain up-to-date relevant
papers crucial to the current study. Also, manual searches
were conducted in Google scholar to identify other rel-
evant papers that may not be stored in the designated
databases. Search terms such as “endocrine disruptors”
OR “endocrine disruptive chemicals” AND “personal
care products” in conjunction with “reproductive health”
AND “sources” AND “exposure pathways” were used to
get relevant papers. The classic PRISMA flowchart is pre-
sented in Fig. 1.

All papers published between 1953 and 2021 that
considered endocrine disruptors sources, pathways of
exposure, personal care products, and endocrine disrup-
tors” impact on sexual health and the aging process were
included in the final review. However, papers that consid-
ered available technologies for the removal of these dis-
ruptors from the various environmental compartments
were not considered in the current review since that was
not the focus of the study.

To ensure reliability and reduce biases, all papers were
downloaded by two independent researchers following
the priori protocols such as screening through topics
to abstracts and final download based on the PRISMA
framework (Fig. 1). We considered journal papers includ-
ing primary studies, opinions, commentaries, and con-
ference papers. A total of 753 records were extracted
initially by two researchers, independently. 123 were
duplicates and were therefore removed leaving 630. We
incrementally added 15 papers which totaled 645 papers.
Further, 505 papers were removed since they were out-
side the conceptual scope of our review. By careful exam-
ination of the 140 remaining articles based on quality
appraisals, we further removed 25 papers; the remain-
ing 115 studies were considered worthy of review per the
themes for the review.

All articles downloaded and included in the final
review were in English. Even though typically, papers
were downloaded from 2000 to 2021, most studies were
conducted between the years 2010 and 2020 (see Fig. 2).
All the papers were organized and analyzed based on the
themes (sources and exposure pathways of EDCs, impact
of EDCs reproductive health, impact of EDCs on aging
and puberty development). We also used phthalates as
a case study to examine how similar or heterogeneous
their concentration in urine was, as a way of understand-
ing differential exposure. Specifically, one-way ANOVA
was used to test the statistical difference between five
metabolites of phthalates urine concentration in women
conducted in various countries based on selected articles.

Description of the studies
A total of 753 records were extracted initially by two
researchers, independently. 123 were duplicates and
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were therefore removed leaving 630. We incrementally
added 15 papers which totaled 645 papers. Further,
505 papers were removed since they were outside the
conceptual scope of our review. By careful examination
of the 140 remaining articles based on quality apprais-
als, we further removed 18 papers; remaining 122

studies which were considered worthy of review per the
themes for the review. We found that there was a great
variability in terms of studies conducted in individual
countries, with almost half (34.4%) of the studies com-
ing from the USA (Fig. 3)
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More studies accorded attention to females than males.
Based on chemicals mostly studied, we found that most
of the studies focused on Phenols (especially Bisphenol
A), Methoxychlor, Dioxins, Phthalates, and DES. Stud-
ies involving these chemicals too have increased over the
last ten years as shown in Fig. 2. This indicates that these
EDCs have attracted the attention of scientific commu-
nities significantly, suggestive of their immense impact
on human and animal reproductive health. For studies
involving human beings, the sample size varied greatly,
from 40 to 6,386 people.

Various endocrine disruptors: sources and pathways

of exposure

Man-made chemicals are now emerging organic chemi-
cals, some of which disrupt the normal operation of the
endocrine system (Hartmann et al. 2015; Patisaul and
Adewale 2009). They are widespread and used for diverse
purposes: beautification, self-grooming to sex enhance-
ment and even building construction (Rattan and Flaws
2019; Wang et al. 2019). As a result, they originate from
multiple sources including personal care products (Irib-
arne-Durdn et al. 2020; Meeker et al. 2011; Petersen et al.
2020), as shown in Table 1, for example. Due to their

widespread nature in the environment, their exposure
pathways are complex (Babalola et al. 2020; Oyugi et al.
2021). For example, most of the parabens, BP-3, and the
metabolites of phthalates were found in 82.8 to 100% of
the urine samples of 261 Belgian populations (Dewalque
et al. 2014). Even though it was earlier thought that the
dose—response curve was monotonic in nature, later
works proved that the curve is actually non-monotonic,
and thus, the dose-response curve can be in differ-
ent shapes: sigmoid, U-shaped, or inverted-U-shaped
curves (Rattan and Flaws 2019). So, even little doses can
have serious effects on the human system. It is therefore
imperative that their sources and different pathways of
exposure and impact be assessed for adequate response
measures. Since most of these chemicals have weaker
molecular bonding, they are easily released into food,
drinks, water, soils, and even the air, making it easier for
humans to ingest, dermally contact or inhale them (Dutta
et al. 2020; Patisaul and Adewale 2009).

For example, Bisphenol A. (BPA) is often used as
epoxy resins in aluminum cans for food or beverage stor-
age. However, due to weaker molecular bounds, they
detach themselves after polymerization and diffuse into
foods (Rattan and Flaws 2019). Similarly, metabolites of
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phthalates such as polyvinyl chloride (PVC) are used as
plasticizers and in the manufacturing of water pipelines
and personal care products. PVC molecules can also
leach into the water and foods and finally be ingested by
people, thereby increasing their health risk (Minguez-
Alarcén et al. 2019; Nassan et al. 2017).

Other studies also show that the use of Dicholorodi-
ethyltricholoroethene (DDT) as pesticides constitutes
an exposure pathway through contamination of fishes
and waterbodies (Woldetsadik et al. 2021). As a result,
through direct ingestion of such contaminated fishes,
these toxins find their way to the human system (Buah-
Kwofie and Humphries 2021). Even though Methoxy-
chlor (MXC) was introduced to replace DDT, its use
has also been criticized as being toxic (Rattan and Flaw
2019). Some studies have shown that, in some countries,
the concentration of DDT in the breast milk of women
has increased despite increasing evidence of its destruc-
tive impact. For instance, a study conducted in Mozam-
bique found that the concentration of DDT and its
metabolite (DDE) in the breast milk of pregnant women
increased between 2002 and 2006, and that the concen-
tration also varied markedly between women, reaching
as high as 5100 ng/g lipid in some women (Manaca et al.

2011). This shows how widespread these chemicals are,
despite several attempts to ban them in many countries.
It even appears that most countries have made little to
no effort to ban them. Another study that investigated
children exposure to phthalates and non-phthalate plas-
ticizers in homes found that dusts and hand wipes were
significant sources of monomethyl phthalate (MEP) and
mono-n-butyl phthalate (MnBP), metabolites of DEP and
DnBP, and that children who lived in homes with 100%
vinyl flooring were significantly exposed to monobenzyl
phthalate (Hammel et al. 2019).

Males exposure to EDCs and reproductive health impact

Given that men are exposed to several endocrine disrup-
tive chemicals (Table 1) with severe reproductive health
implications, it has now become a global concern, espe-
cially with the recent discovery that poor fertility rate
and low sperm count among men over the world are
exacerbating (Inhorn and Patrizio 2015). In fact, the soci-
ocultural, economic, bio-social, and anthropological con-
sequences of men not being able to father children are
far-reaching, and it may be a significant threat to procre-
ation necessary to ensure human existence. As a result,
the American Congress of Obstetrics and Gynaecology
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(ACOG) and Internal Federation on Obstetrics and
Gynaecology (FIGO) suggest that healthcare profession-
als should examine detailed population risk factors to
pattern-use of PCPs and disproportionate exposure bur-
den among different patients groups including men (Di
Renzo et al. 2015).

EDC impact on sperm and testicular health

Sperm health is central to fertility and childbearing.
However, a number of EDCs have been noted to com-
promise the quality of certain parameters of the sperm.
Meeker et al. (2011) discovered that butyl paraben (BP)
and Bisphenol A (BPA) were significantly related to
increased sperm DNA damage (p=0.003). This study’s
finding corroborated earlier discovery that increased
concentration in Butyl and Propyl parabens is linked to
severe damages in spermatogenesis, prostate cancer,
and seminal vesicular challenges (Kang et al. 2002; Oishi
2001, 2004). A major factor of sperm DNA damage is
oxidative stress. These oxidative stress-induced chemi-
cals such as butyl parabens are responsible for sperm
cell annihilation. For example, one study reported a sig-
nificant linkage between EDCs concentration in men
and higher levels of cryptorchidism, hypospadias, and
cancer of the testis, which are found to impact childbear-
ing potential (Nassan et al. 2017). One controlled animal
study showed that the male mice and rats had reduced
epididymal sperm density when they were exposed to
benzophenone-3 indicating how destructive and severe
benzo-phenone-3 exposure is to the sexual or reproduc-
tive health of men. Sperm quality reduction has also been
noted in some men who were exposed to BPA. Pesticides
such as DDT and its metabolites are also associated with
sperm viability reduction. An animal study showed that
higher exposure to dichlorodiphenyldichloroethylene (p,
p’-DDE) in vitro was responsible for decreased sperm
viability, and interestingly, biomimicry of the female
reproductive tract and even the overstimulation of Cat-
Sper (Tavares et al. 2013). The CatSper is the calcium
(Ca*") pathway that is crucial for sperm capacitation
and sperm motility (Yuan et al. 2022). Other biomarkers
of spermatogenesis such as alkaline phosphatase, lactate
dehydrogenase, and acid phosphates have all been altered
in the testes of rats (Sharma et al. 2020). 2, 3, 7, 8-tetra-
chlorodbenzo-p-dioxin (TCDD) has also been noted to
impair steroidogenesis by decreasing the expression of
biomarkers such as StAR protein, 17-3- p —HSD, and 3-
B-HSD, including disruption of the testicular histology
(Mai et al. 2020). One meta-analysis concluded that ano-
genital distance (AGD) was linked to testicular anomalies
which are indicative of how EDCs affect reproduction in
men since it is an important marker of prenatal androgen
activities (Street et al. 2018). A similar study found that
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first-trimester phthalates exposure was responsible for
shorter AGD (Swan et al. 2015) even though some stud-
ies found no association. Exposure to di-pentyl-phtha-
lates has also been found to reduce AGD and interrupt
male differentiation (Hannas et al. 2011). Furthermore,
a meta-analysis involving 33 studies showed that in par-
ticular, the impact of DDE was profound in causing cryp-
torchidism, hypospadias, and testicular cancer (Bonde
et al. 2017).

Sperm count and sperm production impacts of EDCs

An animal study that examined the impact of maternal
exposure to butyl-paraben on F-1 offspring sperm count
in Japan found that the offspring experienced reduced
testes, seminal vesicles, sperm count, and prostate glands
(Kang et al. 2002). Similarly, another animal study con-
ducted in Japan found that exposure to Butyl-paraben led
to a significant reduction in the relative weights of sperm
reserve. The study also found that daily sperm produc-
tion declined significantly (Oishi 2001). Contrary, methyl,
and ethyl parabens were found to have no impact on the
secretion of sex hormones and male reproductive func-
tion (Oishi 2004). More studies are however needed to
confirm this. Common metabolites of phthalates such as
di (2-ethylhexyl) phthalate (DEHP) have also been asso-
ciated with a reduction in sperm reserve and produc-
tion. For instance, a study that studied mice exposure to
DEHP found that these mice had a 30% decrease in their
daily sperm production, a 70% reduction in epididymal
sperm reserve, and a 20% decrease in the viability of the
sperm (Fiandanese et al. 2016). A similar study has con-
firmed that exposure to Butyl benzyl phthalates resulted
in decreased sperm count, reduced seminiferous tubule
on the histology, and retarded preputial penis separation
in rats (Aso et al. 2005).

A study involving 191 men found that 93% of them
had BPA in their semen, and that resulted in a significant
reduction in sperm count, volume, and motility (Vitku
et al. 2016). However, a study of 364 men found no sig-
nificant correlation between sperm count and BPA con-
centration, even though the direction of association was
negative (Hu et al. 2017). Such disparity in findings y may
be a result of different confounders that may have mod-
erated such relationships. Metabolites of dioxin such as
2, 3, 7, 8-tetrachlorodbenzo-p-dioxin (TCDD) are a com-
mon eco-toxin that has been studied among a couple of
animals (Foster et al. 2010). The TCDD has the ability to
activate and bind the aryl hydrocarbon receptor (AhR)
which is a key ligand transcription factor which is found
in many human tissues (Foster et al. 2010). In one ani-
mal study, rats in their gestation period were exposed to
TCDD, and results showed that their offspring had their
ejaculated sperm count reduced substantially, without a
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decline in their serum testosterone and the level of their
androgen receptors (Foster et al., 2010). Even though the
mechanisms responsible for the epididymal sperm count
reduction were unknown, the impact of the AhR activa-
tion on activities of the epididymis was a potential sus-
pect (Hutin et al. 2021). A study also indicated that male
mice exposure to TCDD resulted in a significant reduc-
tion in their sperm reserve and sperm motility (Mai et al.
2020). A meta-analysis involving 33 studies involving the
exposure of uterus to EDCs revealed that dichlorodiphe-
nyldichloroethylene (1 1' DDE) was also a significant fac-
tor in the reduction of sperm count in offspring (Bonde
et al. 2017).

EDCs impact on Sperm fertility

The ability of the sperm to fertilize is central in reproduc-
tion (Maffini et al. 2006; Meeker et al. 2011; Publicover
et al. 2008). However, some EDCs have been noted to
tamper with the ability of sperm in fertilization. Even
though studies on this subject are scarce, we found two
studies that provided consistent results. In one study,
mice were administered with DHEP, DEP, DMP, and BPA.
Results show that DEP and DMP, which are common in
personal care products and cosmetics, respectively, had
no impact on sperm fertility and even on the formation
of the blastocyst (Khasin et al. 2020). BPA was found
to have a mild impact on blastocyst formation and the
development of the embryo. DHEP, which is common in
construction materials and in numerous polyvinyl chlo-
ride products, was found to have a severe impact on blas-
tocyst formation, but the impact varied with the amount
of exposure (Khasin et al. 2020). While at 1 uM dose, the
sperm maintain its fertilizing ability, at 2 pM dose, there
was a substantial decline (74.95; SD =5.459% in control
vs. 47.68; SD=9.68% in 2 uM), and even at 10 uM dose,
no blastocyst formation was found. The study further
demonstrated that DHEP was able to impair the acro-
some reaction and increased the production of ROS
(Khasin et al. 2020).

Crucially, the human sperm cell must be regulated
accurately to allow fertilization to take place (Suhaiman
et al. 2021). The progesterone released by the cumulus
cell is known to cause Ca’" to induce the human sperm
cell through the CatSper Ca>" pathway, thereby moderat-
ing the activities of the sperm cell (Publicover et al. 2008;
Stephen et al. 2007). However, a number of UV filters
that are known endocrine disruptors are found to induce
the influx of Ca*" through the CatSper, thereby mimick-
ing the effect of the progesterone on sperm functioning
(Rehfeld et al. 2018). One study examined the impact of
29 UV filters (commonly found in sunscreens) on sperm
functioning and fertility. It was found that UV filters that
mimic the progesterone effect on Ca*" in human cells
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can equally mimic the activities of the progesterone on
acrosome reaction and sperm penetration (Rehfeld et al.
2018). They concluded that exposure to these filters has
the potential to impair sperm fertility by interrupting the
functions of the sperm such as causing premature acro-
some reactions. A study from Japan found that male mice
exposed to 400 mg/kg butyl benzyl phthalates led to a
significant reduction in their fertility index resulting from
a reduction in spermatozoid qualities and volume (Aso
et al. 2005). Further studies are needed to provide more
evidence.

Exposure assessment of EDCs among women

Considering the widespread use of PCPs among women
for various reasons, a number of experiential studies have
attempted to quantify the extent of women’s exposure to
EDCs. Measuring exposures to EDCs is central for risk
assessment and to safeguarding people against lethal
biochemical consequences. One medical case study in
the USA showed that Mexican—American women’s mer-
cury blood level of 15 pg/L (about 3 times higher than
CDC safety threshold) was associated with face creams
use made of>20,000 ppm of inorganic mercury (even
though>1 ppm is known to be lethal) (Zota and Sha-
masunder 2017). Methylparaben (MP), ethylparaben
(EP), propylparaben (PP), and butylparaben (BP) have
recently been identified in greater quantities in urine
samples collected as part of the long-term US national
survey of exposure to eco-toxins (Calafat et al. 2010). The
use of these personal care products such as beautification
creams sometimes begins at a very tender age usually 4 to
8 years among African-Americans children and typically
gets heightened between 18 and 34 years (Wang et al.
2019; Zota and Shamasunder 2017).

Figure 4 shows that the spatial distribution of the five
metabolites of phthalates, for example, varies from coun-
try to country, and also between individual chemicals.
Particularly there exist marked dissimilarities in terms of
reported urine concentration of these toxins, except for
methyl ethyl phthalates (MEPs) which show dominance
across many nations. Most of the studies used for the plot
in Fig. 4 ranged from the years 2013 to 2017, showing
that, lately such studies are gaining recognition in many
countries. From f-test analysis, we found statistically
significant differences between reported urine concen-
trations of the various phthalates in women (F=10.76;
p=0.001) suggesting that even among women, exposure
risk levels may be different.

These differences may be as a result of variant pat-
terns in the use of personal care products, quality of
the physical environment, or even socioeconomic con-
dition of the people concerned (Lang et al. 2016; Zota
and Shamasunder 2017). For example, three 3 studies
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(mono-ethyl-hexyl phthalate), MEHHP (mono-(2-ethyl-5-oxy hexyl) phthalate)), MECPP(mono-(2-ethyl carboxy-pentyl)phthalate), and MCMHP
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reported that it is more likely for an African or African-
American woman to use a higher amount of whitening
or hair straightening creams than a white woman with
lighter skin (Nyoni-Kachambwa et al. 2021; Wang et al.
2021; Zota and Shamasunder 2017). A study conducted
among black women in America also showed that expo-
sure to phenols, parabens, and triclocarban was preva-
lent due to the higher use of PCPs (Bethea et al. 2020).
The study also found a significant association between
education level and the amount of PCP and exposure
to the studied EDCs (Bethea et al. 2020). Similarly,
another study in the USA showed that black women
had higher cumulative EDCs exposure than white
women indicating racial disparity in EDCs risk and
exposure levels (Varshavsky et al. 2016). It is therefore
crucial that different studies be conducted in sociocul-
turally diverse environments to determine and evaluate
the association between race and socio-demographic
uniqueness and EDCs exposure levels.

Reproductive Health impact of EDCs among women

Given that multitudes of these PCPs house arrays of
chemicals which disrupt the endocrine and reproduc-
tive systems (Bellavia et al. 2019; Patisaul and Adewale
2009; West et al. 2008), the profuse illnesses currently
affecting millions of women can partly be attributed
to the impact of these EDCs. EDCs can also block cer-
tain hormonally controlled functions responsible for
the interaction between human anatomical elements
and their immediate physical environment (Rodriguez
and Sanchez 2010), which consequently affects human
homeostasis and reproduction (Dutta et al. 2020; Han-
non and Flaws 2015; Neff and Flaws 2021; Buah-Kwofie
and Humphries 2021). In the subsequent sections,
we discuss how these EDCs impact; uterus structure,
uterine myomas, vaginal health, and infertility among
women.
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The uterine structure

The uterus of females is essentially made up of two major
parts; the body which consists of the endometrium, and
the caudal end; both of which are susceptible to dynam-
ics of the hormones, during early developmental stages.
Even though how EDCs influence the overall structure
of the uterus is largely unclear, few animal studies report
of EDCs induced abnormalities within the uterus. For
example, in two animal studies (Signorile et al. 2010,
2012), Balb-c-adult female rats in their gestational and
neonatal periods were exposed to BPA to understand
how it affects their uterus structure. It was found that
within the adipose tissue, next to the genital tract of these
rats, there was a development of endometrial glands
and stroma suggestive of uterine structure alteration.
Also, one Australian study found that women who were
exposed to mono (carboxy-isooctyl) phthalates experi-
enced an increment of their uterine volume. A couple of
studies conducted in the 1950s and 70 s demonstrated
that women who were treated with DES to avert mis-
carriages led to significant anomalies within the uterine
structure of their daughters later on (Dieckmann et al.
1953; Herbst 1976; Herbst et al. 1971). A few studies con-
ducted later on found evidence consistent with earlier
findings (Harris and Waring 2012; Troisi et al. 2013). For
example, two animal studies conducted in 2011 found
that female rats and hamsters who were exposed to DES
developed endometrial hyperplasia, and that they were
more likely to experience adenocarcinoma within their
endometrium, and structural changes within their uterus
(Alwis et al. 2011; Yoshida et al. 2011). A study conducted
by Su et al. (2012) found that 33 young girls who were
given dioxin and polychlorinated aromatic by-products
of biphenyls experienced significant anomalies within
their uterine structure. All these anomalies potentially
inhibit conception among females.

Uterine myomas/fibromas

Evidence also shows that reproductive health challenges
such as uterine myomas which are hormone-dependent
affect 70-80% of women throughout their lifetime. These
uterine fibroids are responsible for negative pregnancy
outcomes such as miscarriages. Several kinds of myomas
and nodular tumors are associated with estradiol and
progesterone receptors found within the myometrium.
The endometrium and myometrium cells are typically
regulated by granulosa cells of the ovarian follicles pro-
duced by the estradiol. These endometrium and myome-
trium cells are regulated through activation of their alpha
and beta-cell receptors. However, the binding of the
estradiol with its receptors can create a number of bio-
events, typically within the nucleus of the cell by bringing
in essential proteins to the cellular reproduction.
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During ovulation, the progesterone produced by the
corpus luteum binds to both the alpha and beta recep-
tors. Research shows that these alpha and beta recep-
tors are responsible for the expression of multiple genes
which create diverse cellular responses. Though we did
not find many studies that reported a significant associa-
tion between EDCs and their ability to cause the devel-
opment of fibromas within the uterus as a result of their
attachment with these receptors, two case—control stud-
ies (Shen et al. 2013; Zhou et al. 2013) from China found
an association between uterine myomas development
and BPA, nonylphenol and octylphenol concentration
in women. Some studies have also found an association
between uterine myomas and certain metabolites of
phthalates (Weuve et al. 2010). For instance, a National
Health and Nutrition Examination Survey (NHANES)
study conducted in 2010 found that bodily contamination
of mono-benzyl phthalates was a risk factor for increased
cases of myomas among the 1227 women studied (Weuve
et al. 2010). On the contrary, other metabolites such as
MEHP (mono-(2-ethylhexyl) phthalate), MEHHP (mono-
(2-ethyl-5-hydrohexyl) phthalate), and EOP (mono-
(2-ethyl-oxohexyl) phthalate) were negatively associated
with the onset of uterine myomas (Weuve et al. 2010).

Even though prenatal exposures to EDCs and uter-
ine myomas/fibromas are scarce, the few ones we found
provided consistent results. A study that included 11,831
women with a follow-up of over 20 years found that gen-
erally, women who were exposed to DES during their
gestational periods increased their risk of fibroma by 13%
whereas those within the first trimester of their preg-
nancy increased their risk by 21% relative to unexposed
women, indicating that uterine fibroid risk may vary
between pregnant women in different gestational time
points, even if they are exposed to the same amount of
DES (Baird and Newbold 2005; Mahalingaiah et al. 2014).
Furthermore, a uterine fibroma study conducted in
Washington DC involving 1364 women found that Cau-
casian women were more likely than other racial groups
to experience uterine fibroid (OR=2.4). A sister study
conducted 7 years later (2012) among 3534 African-
American women showed that women with maternal
and gestational diabetes as well as those pregnant with
monozygotic twins had odd ratios of 2.02, 1.54, and 1.94,
respectively, of developing uterine fibroid when exposed
to DES (D’Aloisio et al. 2012), also suggestive that mater-
nal diabetes may increase the risk of developing uter-
ine fibromas when exposed to a particular endocrine
disruptor.

Vaginal health and fertility
A couple of studies conducted in the 1950s, 70 s, and in
the 2000s (Dieckmann et al. 1953; Herbst 1976; Herbst
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et al. 1971; Harris and Waring 2012; Troisi et al. 2013)
found that prenatal exposure to DES was significantly
associated to neoplasms including vaginal adenosis and
clear cell adenocarcinoma on the walls of the vagina.
Also, a couple of studies have demonstrated that DES can
inhibit vaginal stroma which can result in insistent down-
regulation of transcription factors (Katoh et al. 2013;
Laronda et al. 2013; Nakamura et al. 2012), largely affect-
ing reproduction. A study conducted in the USA found
that women exposed to organochlorides experienced a
lengthened time they were expecting to give birth (Buck
Louis et al. 2013).

Also, one animal study conducted in the USA found
that maternal Wistar rats’ exposure to triclosan signifi-
cantly delayed vaginal opening (VO) of the offspring,
decreased pup weight, and live birth index. Velez et al.
(2015) also found that among 2001 women, who were
exposed to bisphenol, triclosan, and phthalates, those
within their first trimester in their pregnancy were more
likely to experience fertility decline in their later years
due to the triclosan effect, no significant association
between fertility and bisphenol and phthalates was found.
This study finding was consistent with what (Weuve et al.
2010) found, that time to exposure was a significant mod-
erator of the exposure risk level. Yoshida et al. (2011) also
found that female mice exposed to DES (150-1500 pg/kg)
experienced a damaged morphological structure of their
genital tract. Couple of studies (Bhattacharya and Mun-
shi 2021; Patisaul 2021) from different countries have also
attempted to evaluate the impact of EDCs on the repro-
ductive health of women. However, surprisingly, we did
not find any study from Africa that assessed the impact of
EDCs on the reproductive health of women.

Impact of EDCs on ovarian health and fertility

There have been attempts to investigate EDC’s impact on
ovarian development and health through a couple of ani-
mal and human studies. An animal study by Rivera et al.
(2011) involving sheep found that reduced doses of BPA
showed evidence in the upturn of the ovarian follicle and
altered steroidogenesis of the ovary. BPA is environmen-
tally ubiquitous since they are common plasticizers used
for making various PCPs including dental sealants and
baby bottles (Jagne et al. 2016; J. Liu et al. 2018; Maffini
et al. 2006). Therefore, they have been found in various
parts of the human system including breast milk, urine,
blood, sweats, umbilical cords, placenta, serums, and
even amnion fluids, making their reproductive health
impact enormous (Patel et al. 2015). One study involv-
ing female monkeys found that exposure to higher BPA
amounts affected ovarian meiosis, caused synaptic
changes, and interrupted the recombination of homolo-
gous chromosomes (Hunt et al. 2012). Some studies
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also found that sheep and rats in their gestational times
exposed to certain EDCs experienced anomalies in their
ovarian development. For example, a higher intake of
BPA was associated with increased cystification of the
follicles, decreased volume of the corpus luteum, and
decreased amount of the antral follicles (Rodriguez et al.
2010; Delclos et al. 2014). Petro et al. (2012) also found
the association between increased human bodily con-
taminations of bisphenol and ovarian declined in follicle
liquid and reduced rate of fertilization. They also found
that this chemical destroyed the necessary conditions for
oocyte development in women. Others have associated
BPA intake with premature ovarian failure, estrous cycle
disruption, and disturbances in steroidogenesis (Fernan-
dez et al. 2010; Nah et al. 2011).

While there are scarce studies interrogating the impact
of phthalates, pesticides, and other EDCs on pre and
postnatal development of the ovary, a minimal number of
animal studies have provided valuable consistent insight.
A study by Chen et al. (2012) found that postnatal expo-
sure of human ovaries to metabolites of phthalates such
as benzyl butyl phthalates was a great risk factor for the
development of granulosa cell apoptosis. A couple of pes-
ticides that are ubiquitous in our environment including
endosulfan, malathion, chlorpyriphos, and cypermethrin
are also noted to cause postnatal ovarian anomalies
including declined follicle counts and heightened cases
of follicular atresia (Koc et al. 2009; Nandi et al. 2011).
Methoxychlor (MXC) which is commonly used as pesti-
cide in agriculture has also been noted to cause serious
ovarian problems such as folliculogenesis disturbance.
Even though these have been banned in some advanced
countries, many less developed countries including those
in Africa are still using them as pesticides. For example,
about 35% of agricultural produce contains some extracts
of MXC (Krol et al. 2000), they have also been found in
well water and soils (Patel et al. 2015), making their repro-
ductive impact noticeable. For instance, some research-
ers found that exposure to MXC (1-100lg/ml) in vitro
inhibited the development of antral follicles through
mechanisms such as the reduction in the expression of
the G1-S phase cycle moderators including the cyclin D2
and cyclin-dependent kinase 4 (Gupta et al. 2009; Miller
et al. 2005). Some other studies also showed that MXC
is a potential chemical that inhibits ovarian steroidogen-
esis. For instance, exposure to 1-100lg/ml was noted to
inhibit the development of estradiol, androstenedione,
and testosterone in mouse antral follicles (Basavarajappa
et al. 2011). MXC impact on steroid levels may result
from its ability to stop the expression of crucial factors
in the estradiol synthesis pathway (including 3b-hydrox-
ysteroid dehydrogenase-1, 17b-hydroxysteroid dehydro-
genase-1, etc.) (Basavarajappa et al. 2011). Examples of
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other EDCs noted to cause elevated atretic follicles and
peroxidative disruption are endosulfan and Malathion
(Koc et al. 2009). Crucially, the follicular impact of these
EDCs can result in either temporary or permanent infer-
tility in women depending on whether the said chemical
targeted the mature or the immature follicle (Patel et al.
2015; Rattan and Flaws 2019). For example, if the endo-
crine disruptor attacks the mature follicles, they can be
removed to allow new ones to develop, thus restoring the
fertility, however, when it targets the immature follicles,
it damages them completely, which can lead to perma-
nent infertility. Given that millions of women globally
experience infertility due to increased EDCs-based PCPs
consumption, it has become a significant public health
challenge.

Considering the spatial disparity in the research effort

EDCs induced sexual malfunctioning may vary across
different locations and between individuals depend-
ing on; race, education, income, geography, and other
related sociocultural attributes of people. But given that,
most areas still have a dearth of research investigating
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the health risk of EDCs exposure; disease burden will
disproportionately differ across different spatial set-
tings. For example, only 2 studies investigating the fate
of EDCs were found in South Africa (Farounbi 2020;
Olaniyan and Okoh 2020), and one (Manaca et al. 2011)
from Mozambique. Even with that, none of these stud-
ies investigated, primarily, the impact of these EDCs on
reproduction. From Fig. 5, it is obvious that there is vir-
tually no study in Africa investigating EDCs exposure
and reproductive health. However, on grounds that, in
Africa and some parts of Asia, environmental pollution
has already exposed millions of people to environmen-
tal toxins, imposition of endocrine disruptive chemicals
resulting from increased use of personal care products
coupled with lack of research and remediation strategies
may worsen the reproductive health condition of millions
of people.

Higher levels of triclosan and 4-tert-Octylphenol
have been discovered in River Buffalos in South Africa
(Olaniyan and Okoh 2020). Similarly, appreciable
amounts of 4-nonylphenol, 2, 4-dichlorophenol, estrone,
17pB-estradiol, bisphenol A, 4-tertoctylphenol, triclosan,
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atrazine, imidazole, and 1, 2, 4-triazole have been found
in treatment plants and river bodies in the eastern cape
province of South Africa (Farounbi and Ngqwala 2020).
While people’s exposure to these EDCs is certain, how
exactly they meddle with reproduction across different
people in Africa is unknown. Further, on racial grounds,
some researchers found that the concentration of butyl
paraben and propyl paraben was higher in non-White-
men than Whitemen in America (p<0.05) (James-Todd
et al. 2016). It is therefore probable that there exist sharp
differences in EDCs exposure risk between different peo-
ple in different geographical locations and with diverse
sociocultural, economic, and biochemical backgrounds.
This means that generalization of study results in terms
of exposure magnitude and reproductive effects may not
be enough to reveal holistic reality. This, therefore, war-
rants urgent research in Africa and other less developed
countries to uncover these dynamics.

The way forward

So far, it is apparent that thousands of endocrine disrup-
tors exist in our environment today (as exemplified in
Table 1), and that their impact on reproductive health
is pronounced. On grounds that these chemicals: their
sources, exposure pathways, and impact, are further
complicated by socio-spatial heterogeneity, we suggest
that:

+ During exposure assessment, researchers should
factor in multiple factors such as differential socio-
economic statuses, races, the physical environment
itself, and gender and education level among the peo-
ple. To help understand how a combination of these
factors will drive PCPs use and exposure risk among
different people.

« Researchers consider how different people respond
to the reproductive impact of different EDCs. Also,
time to exposure, especially among pregnant women,
should be considered during impact assessment.

+ To practitioners, before any consumable is released
into the market for sales and consumption, a detailed
examination of the chemical ingredients should be
examined; in light of the magnitude of impact it will
have on the people before such product is approved.
This suggestion is especially useful for countries in
less developed countries where the use, exposure,
and impact of EDCs-based products are largely
under-researched.

+ Finally, none of the studies reviewed hinted at pub-
lic awareness of these chemicals about their sources,
routes of exposure, and reproductive impacts. It is
therefore suggested that researchers and practition-
ers design programs that raise public awareness.
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Special attention should be given to places where the
illiteracy level is quite high, with less governmental
effort to undertake quality control on consumables in
the markets.

Conclusions

Man-made chemicals are now part of our everyday lives
due to their widespread uses; as a result, they can be
originated from multiple sources. Given that these chem-
icals can inhibit reproduction in both men and women,
it is important we pay key attention to them. Bisphenol,
Dioxins, Methoxychlor, and Phthalates are key EDCs
affecting reproductive health in men and women, with
multi- and intergenerational effects. The concentration
of these chemicals in humans and their impact will vary
with space and among people. However, there is a dearth
of studies in many countries coupled with widespread
unawareness among the general public, especially many
countries in Africa and Asia concerning the abundance
and lethality of these EDCs. As a result, it is suggested
that more research on this theme must be funded in
countries with an acute shortage of similar studies. And
that in providing effective evidence, multitudes of factors
(including economics, sociocultural, and physical envi-
ronmental) should be considered for a comprehensive
assessment. Further, we suggest that researchers should
collaborate with practitioners and policymakers to design
programs that create more awareness among the general
public.
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