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and phthalates, UV filters, or nicotine. Some of these 
are formed as products during the incineration of mu-
nicipal waste or even in volcanic eruptions (dioxins). 
They can be ingredients in cosmetics or paper, or used 
in plant or animal protection (pesticides). Phthalates 
are components necessary for the production of, for 
example, varnishes or phthalic paints, laminates, or 
adhesives. However, some, such as phytoestrogens, 
alcohol, or marijuana, sometimes have beneficial effects 
but not for male and female gonads [1–3].

The operation of EDCs is still not well understood. 
It is known that they can disturb the endocrine system, 
in both the female and male gonads [1–3]. It has been 

Introduction

Endocrine-disrupting compounds (EDCs) are chemicals 
with properties that interfere with the body’s hor-
monal homeostasis. These compounds may disturb 
the work of the hypothalamic–pituitary–gonadal axis 
(HPG). It has been proven that most EDCs have a wide 
range of effects and, above all, sometimes a significant 
negative effect on the endocrine system [1].

So far, the negative impact of EDCs has been de-
tected in compounds including pesticides, dioxins, 
polychlorinated biphenyls (PCBs), polybrominated 
diethyl ethers (PBDE), plasticisers like bisphenol A (BPA) 

The influence of various endocrine disruptors 
on the reproductive system

Agata Czarnywojtek 1, 2, Magdalena Borowska1, Kamil Dyrka 3, Jakub Moskal4, Jeremi Kościński 4, 
Iwona Krela-Kaźmierczak 5, Agnieszka Marta Lewandowska6, Boushra Abou Hjeily1, Paweł Gut 2, 
Karolina Hoffmann7, Stefaan Van Gool8, Nadia Sawicka-Gutaj 2, Marek Ruchała 2

1Department of Pharmacology, Poznan University of Medical Sciences, Poznan, Poland
2Chair and Department of Endocrinology, Metabolism, and Internal Medicine, Poznan University of Medical Sciences, Poznan, Poland
3The University Hospital in Poznan, Poznan, Poland
4Department of Neurosurgery, Poznan University of Medical Sciences, Poznan, Poland
5Department of Gastroenterology, Dietetics, and Internal Diseases, Poznan University of Medical Sciences, Poznan, Poland
6Department of Oncology, Greater Poland Cancer Centre, Poznan, Poland
7Department of Internal Diseases, Metabolic Disorders, and Arterial Hypertension, Poznan University of Medical Sciences, Poznan, 
Poland
8Immune-Oncological Centre Cologne (IOZK), Cologne, Germany

Review

Endokrynologia Polska
DOI: 10.5603/EP.a2023.0034

ISSN 0423–104X, e-ISSN 2299–8306
Volume/Tom 74; Number/Numer 3/2023

Submitted: 18.03.2023
Accepted: 01.04.2023
Early publication date: 09.05.2023

Kamil Dyrka, The University Hospital in Poznan, Przybyszewskiego 49 Street, 60–355 Poznan, Poland, tel/fax: +48 797-186-492, 
+48 786-895-628; e-mail: kamil.dyrka@onet.eu

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially

Abstract 
Various stimulants (VS) are chemicals that disrupt the endocrine system — endocrine homeostasis of the reproductive system — which 
also known as endocrine-disrupting chemicals (EDCs). These substances are found in the human body, in both the blood and urine, 
amniotic fluid, or, among others, the adipose tissue.
This article presents the current state of knowledge of the effect of EDCs and additional factors such as smoking, alcohol consumption, 
and cannabis on the gonads.
The article is an overview of the impact of EDCs and their mechanism of action, with particular emphasis on gonads, based on databases 
such as PubMed, EMBASE and Google Scholar, and Web of Science available until May 2022.
The impact of human exposure to bisphenol A (BPA) is not fully understood, but it has been shown that phthalates show a negative cor-
relation in anti-androgenic activity in the case of men and women for the anti-Müllerian hormone (AMH). Smoking cigarettes and passive 
exposure to tobacco have a huge impact on the effects of endocrine disorders in both women and men, especially during the reproductive 
time. Also, the use of large amounts of cannabinoids during the reproductive years can lead to similar disorders. It has been documented 
that excessive alcohol consumption leads to disturbed function of the hypothalamus–pituitary–gonadal axis (HPG). Excess caffeine con-
sumption may adversely affect male reproductive function, although this is not fully proven. 
Therefore, the following publication presents various stimulants (BPA, phthalates, nicotine, alcohol, cannabis) that disrupt the function 
of the endocrine system and, in particular, affect the function of the gonads. (Endokrynol Pol 2023; 74 (3): 221–233)
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and polycarbonate plastics) [8], and studies conducted 
on women with polycystic ovary syndrome (PCOS) 
showed its significantly increased level compared 
to healthy women. Moreover, in women with PCOS, 
a positive correlation was found between insulin re-
sistance and serum BPA concentration [9], with serum 
BPA levels in those diagnosed with PCOS significant-
ly higher compared to women without PCOS [9–12].

In addition, an association was found between 
body mass index, total testosterone (T), free T, dehy-
droepiandrosterone, and dehydroepiandrosterone 
sulphate (with and without PCOS) and BPA. How-
ever, no correlation between serum BPA and any other 
sex hormone [luteinizing hormone (LH), follicle-stim-
ulating hormone (FSH), and oestradiol (E2)] was con-
firmed [13-14].

It has now been shown that BPA crosses the placen-
tal barrier and has been detected in the foetus (serum) 
and in the amniotic fluid as a potential hazard [15–16]. 
The highest concentration of BPA was found in the am-
niotic fluid in the middle of pregnancy, and it is then 
destroyed during the maturation of the foetal liver [16].

Animal study
In rodents, BPA reduced fertility in the offspring by ex-
posing the uterus and ovaries [17]. The greatest danger, 
however, is in the prenatal period [18–20].

Human study
The effect of human exposure to BPA is not fully 
investigated; however, studies on other EDCs have 
shown that they may influence the development of 
oestrogen-sensitive organs [21].

Future research directions proposed by this field 
include the use of developmental biomarkers, in par-
ticular those involved in reproductive development, 
to investigate this association in infants and female 
children in a longitudinal cohort [18, 22].

Phthalates

Phthalic acid esters (PAEs) are compounds that in-
crease the plasticity of polyvinyl chloride (PVC). PAEs 
are mainly used in cosmetology (cosmetics, toiletries, 
food packaging), medical products (including intrave-
nous tubes), beverage containers, and plastic toys [18, 
23–29]. It has been proven that DBPs (phthalates) have 
anti-androgenic effects [18].

Animal study
Rodent studies have shown that PAEs lower fertility 
and thus increase visceral obesity [30]. Dibutyl phthalate 
(DBP) is more dominant during prenatal exposure than 
in mature animals [31]. In rodents, it was found that 

proven that in the case of female gonads, changes may 
occur, including oestrogen (E) signalling pathways 
and interact via oestrogen receptors (ER). The same 
is true of the male gonads, where EDCs can disrupt 
“healthy” hormones via androgen (A) and the andro-
gen receptor (AR). It has been shown that EDCs can act 
as agonists or “mimic” a natural hormone. In addition, 
they also bind and activate various hormonal recep-
tors, such as 1. AR; 2. ER; 3. oestrogen-related receptor 
(ERR); or 4. aryl hydrocarbon receptor AhR), chimeric 
antigen receptor (CAR), or pregnane X receptor (PXR). 
EDCs can be antagonistic by binding to these various 
receptors without activating them. In addition, EDCs 
significantly affect the concentration of hormones, their 
transport, synthesis, metabolism, or elimination [4–7].

The publication presents the current state of 
knowledge on how BPA, phthalates, androgenic EDCs, 
alcohol, nicotinism, marijuana, and UV light affect 
both male and female fertility. The authors of this work 
discuss the issues related to the influence of the dose of 
these agents, and the duration of use on the occurrence 
of changes at the gonadal and hormonal levels. The in-
fluence of abstinence on changes caused by the chronic 
use of alcohol, cigarettes, or marijuana is also discussed. 
Understanding the mechanisms leading to the develop-
ment of sexual dysfunctions at the cellular, hormonal, 
and psychosocial levels may contribute to the improve-
ment of diagnostic methods and the implementation 
of preventive and therapeutic measures. Compulsive 
consumption of various substances is one of the modifi-
able risk factors for infertility in both women and men. 
The publication additionally presents the impact of 
coffee consumption on the fertility process and, above 
all, the current state of knowledge regarding, inter alia, 
magnesium and calcium.

The purpose of this review is to discuss the influence 
of various stimulants and UV filters on the reproductive 
system. The article is an overview of the impact of repro-
ductive disruptors on the male and female reproductive 
systems based on the medical databases PubMed, Web 
of Science, EMBASE, and Google Scholar, available until 
28 May 2022. Publications in Polish and English were 
considered. During the search of the relevant literature, 
the following keywords and their combinations were 
used: “endocrine disruptors”, “bisphenol A”, “phthal-
ates”, “male gonads”, “female gonads”, “UV filters”, “to-
bacco and e-cigarettes”, “alcohol”, “cannabis”, and “cof-
fee”. Original research papers and review papers related 
to the presented topic were qualified for the review.

Bisphenol A

Bisphenol A (BPA) is an oestrogenic monomer (it oc-
curs in the formation of, among others, epoxy resins 
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the concentrations of DBP, BPA, and di(2-ethylhexyl)
phthalate (DEHP) increased significantly during preg-
nancy, which resulted in significantly more PCOS [32].

Human study
Recent studies have shown that DEHP is highly toxic, 
especially during reproduction and growth, both in 
animals and humans [33–34]. On the other hand, 
recent studies have shown that exposure to DEHP 
causes impaired ovarian steroidogenesis as well as 
low levels of progesterone (P) [35–36]. Phthalates also 
show a reversely proportional (negative correlation) 
anti-androgenic effect, related in particular to the con-
centration of testosterone (T) [37]. Moreover, it was also 
shown that the phthalate metabolite was negatively 
correlated with the concentration of AMH [38].

Prenatal androgen exposure 
and environmental androgens 

Prenatal androgen exposure

Human study
A foetus that is exposed to excess androgens develops 
PCOS during adolescence. Additional studies on female 
offspring showed an increase in AMH levels in female 
offspring [39]. However, paradoxically, in the cohort 
study, the same researchers did not confirm this increase.

Animal study
Prenatal studies on rats (Wistar breed) showed cystic 
ovarian follicles, an increased number of preantral 
and antral follicles  [40], and therefore ovulation 
and menstrual disorders, i.e. PCOS (increased levels of 
androgens and LH) [41]. Prenatal androgen exposure in 
female monkeys demonstrated the presence of PCOS 
and insulin resistance even in infancy [42–43].

Environmental androgens

The environmental androgens include triclocarban 
(TCC), i.e. 3,4,40-trichlorocarbanilide. TCC is often 
used as an antimicrobial agent. It can be found in toys, 
pacifiers, school supplies, brooms, clothes, and plastics 

[44]. Pycke et al. [45] detected TCC in umbilical cord 
plasma. TCC itself has almost no androgenic effect, but 
in the presence of T via the AR, increased transcription 
of AR occurs and, as a result, bioactivity of endogenous 
T is increased [46].

UV filters and gonads

UV filters are a heterogeneous group of chemical 
compounds that can be divided into 2 main types: 

physical filters which include, among others, zinc ox-
ide and titanium dioxide, and chemical filters, such as 
3-benzophenone (BP-3), 3-benzylidene camphor (3-BC), 
4-methylbenzylidene camphor (4-MBC), 2-ethylhexyl 
4-methoxycinnamate (OMC), octocrylene (OCT), 
2-ethylhexyl 4-dimethylaminobenzoate (OD-PABA), 
and 4-aminobenzoic acid (PABA) [47-48].

Modern filter compositions contain substances to 
block or absorb UV-B and UV-A radiation, and conse-
quently they largely protect against the development 
of basal and squamous cell carcinomas of the skin 
and melanoma, the development of which is associ-
ated with exposure to UV-A radiation [49-52]. Together 
with the spread of public awareness of the dangers of 
exposing the skin to radiation and the ever-increasing 
incidence of melanoma, the use of sunscreen has be-
come common [51].

Mechanistic studies
It has been shown that chemical filters, in particular, 
have a significant effect on the reproductive system [47]. 
One of the findings was the oestrogenic properties of 
BP-3, which has the ability to stimulate oocytes through 
the ER. Under the influence of BP-3, follistatin mRNA 
expression was induced, stopping oocyte maturation, 
which may be a compensatory mechanism in response 
to the disruptive action of BP-3. Also, the percentage 
of p27 molecules inhibiting primordial vesicle activa-
tion was decreased by the low concentration of BP-3 
(5.8 nM), which is an example of the induction of an im-
balance between follicle maturation and BP-3-induced 
activation of early oocyte forms [53].

Human studies 
The effect of BP-3 on the male reproductive system was 
successfully assessed in humans, where the concentra-
tion of these compounds in the urine was determined 
and compared to the tested blood and semen samples. 
It transpired that in 97% of healthy volunteers, the pres-
ence of compounds from the BP-3 group was detected 
in the urine. A positive relationship has been demon-
strated between the concentration of benzophenones in 
the urine and the concentration of FSH. The concentra-
tion of benzophenone-1 was positively related to the T/E 
ratio and negatively related to the inhibin b/FSH ratio. 
However, the influence of compounds from the benzo-
phenone group on changes in the quantity and qual-
ity of male sperm [54] has not been demonstrated. 
Extremely interesting conclusions can be drawn from 
the study of the influence of 3-benzophenone on female 
fertility. BP-3 was also found in 98% of the urine samples 
from the female group. It turned out that the higher 
concentration of BP-3 in women was associated with 
a higher probability of implantation and pregnancy, 



224

The role of stimulants in reproductive disruption Agata Czarnywojtek et al.

R
EV

IE
W

and successful labour than in women with lower con-
centrations of BP-3. However, such surprisingly positive 
results of the effect of BP-3 were limited to the group 
of women declaring they spend more time outdoors 
and perform moderately hard work. Due to the in-
ability to properly isolate the effect of physical activity 
on fertility in these women, there is a need to continue 
research into the isolated effect of BP-3 on fertility [55].

Tobacco and e-cigarette smoking

Smoking cigarettes and passive exposure to tobacco has 
a huge impact on the endocrine disruption effects in 
women of reproductive age, both in the menstrual 
and luteal phases, and most importantly it has a nega-
tive effect on female fecundity [56–61]. However, 
the Oxford Family Planning Association presents in-
teresting observations that demonstrate the return to 
normal fertility of ex-smokers [62]. Studies by Barbieri et 
al. [63] suggest that smoking inhibits a major steroido-
genic pathway, including the inhibition of granulosa cell 
aromatase and the induction of the oxidative metabo-
lism of Es [64]. In smokers, significantly reduced levels 
of AMH were found, especially in patients prepared 
for in vitro fertilisation (IVF) [65–67].

Since the 1980s, many meta-analyses and cohort 
studies have been conducted related to the number 
of cigarettes smoked and the menstrual cycle, which 
showed increased nicotinism in the luteal phase [67]. 
Apart from nicotine addiction, Craig et al. [68] observed 
an additional problem which also appeared in our 
research, namely that female smokers tended to drink 
alcohol before menstruation, which probably increased 
the number of cigarettes smoked in the luteal phase.

The research was further confirmed in a study by 
Sakai and Ohashi [69], which showed that the num-
ber of cigarettes smoked by young Japanese women 
and the CO level in their exhaled air increased signifi-
cantly in the luteal phase.

The study was additionally confirmed by Hughes et 
al. [70], who showed that quitting smoking significantly 
improved fertility. This method included research involv-
ing several minutes of consultation, education, and en-
couragement at each clinical visit, according to the pa-
tient’s individual readiness to stop smoking cigarettes.

Electronic cigarettes
Electronic cigarettes (e-cigarettes, e-cigs) are nowadays 
an alternative that can help in reducing the number of 
cigarettes smoked or in cessation of smoking.

Male reproductive system
Research by Wetendorf et al. [71] on sham mice showed 
a negative impact on the success of implantation 

and the future health of a foetus exposed to nicotine 
contained in e-cigarettes. It should be noted that ex-
posure to e-cigarettes in the uterus reduces weight 
(p = 0.006).

Despite the scarcity of existing literature on 
the subject, very interesting observations were made 
by Golli et al. [72] in the testis of Wistar rats, in which 
it was proven that e-cigarette refill liquid (e-liquid) 
containing nicotine disturbed the oxidative balance 
and reduced the 2 main enzymes of steroidogenesis: 
1. P450 side-chain cleavage (scc) (cytochrome 450 scc), 
and 2. 17b-hydroxysteroid dehydrogenase (17b-HSD) 
mRNA level. Experimental studies were carried out on 
sperm collected from the tail epididymis, which showed 
a significant decrease in the number and viability of 
sperm. Nicotine-free e-cigarette fluid (low voltage 
steam) disrupted the enzymes involved in steroido-
genesis (3b-HSD and 17b-HSD) and those related to 
the activity of the seminal epithelium, which can lead 
to impairment of the reproductive system.

Inhibition of the expression of 2 key enzymes 
contained in the synthesis of steroids, 3b-HSD 
and 17b-HSD, was observed after exposure to e-vapour. 
As a result, the activity of the marker nuclei of sorbitol 
dehydrogenase (SDH) and the enzyme glucose-6-phos-
phate dehydrogenase (G6PDH) was significantly 
impaired, whereas the marker tissue damaging lactate 
dehydrogenase (LDH) increased slightly. There are 
currently no data on the effects of e-cigarette use on 
sperm [73]. Nevertheless, Helen O’Neill [74] showed 
that e-cigarettes may impair male fertility through toxic 
chemicals (flavourings). She presented the results of 
an experiment in which male sperm were exposed to 
the aromas of cinnamon and chewing gum introduced 
into the medium. The concentration of the aromas 
used in the experiment was similar to the average 
consumption of occasional and heavier e-cigarette us-
ers. The results indicated that cinnamon flavours can 
significantly reduce sperm motility by causing slower 
cell movement.

Wawryk-Gawdy et al. [75] showed that in male rats, 
exposure to smoke and e-vapour caused morphologi-
cal and functional changes in the seminal epithelium 
(including vacuolisation, decreased spermatogenesis) 
and increased apoptosis of spermatogonia and sper-
matocytes. Additionally, slight changes in sperm mor-
phology were found.

Female reproductive system
The effect of smoking on female fertility has already 
been studied, and it has been proven that active, 
prolonged smoking with high intensity significantly 
reduces fertility and has harmful effects during preg-
nancy [76–77]. Currently, there are no precise data on 
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the influence of the inhalation and exhalation of e-ciga-
rette vapours on folliculogenesis and gamete efficiency. 
There are also a lack of detailed data on the prenatal 
exposure of pregnant women and the embryo/foetus 
to e-cigarettes [78].

Transcriptome analysis by Wetendorf et al. [71] 
showed that exposure to e-cigarettes modulated 
the gene expression necessary for uterine receptivity 
(pathway: integrin, prostanoid biosynthesis, prolifera-
tion, Janus kinase (JAK), and chemokine signalling). 
The protein claudin 10 (CLDN10) was overexpressed 
in the superficial and glandular epithelium of the uteri 
in women exposed to e-cigarettes, with elevated RNA 
levels. The role of CLD10 in the uterus is not well es-
tablished; it is known to play a pivotal role in the kid-
ney and is related to epithelial ion transport. Hence, 
maternal inhalation of e-cigarette vapour regulates 
the pathways crucial for uterine receptivity, which 
includes the genes responsible for ion transport. In 
contrast, in utero exposure of female mice resulted in 
a reduction in body weight gain. The results clearly 
showed a negative impact of e-cigarettes. It has been 
shown that embryo implantation led to an abnormal 
pregnancy, affecting the health of the offspring. When 
applied to women, these results would indicate that 
e-cigarette use when of reproductive age may directly 
influence conception and have a detrimental effect on 
the embryo and the foetus.

Research by Smith et al. [79] was carried out on preg-
nant mice (C57BL/6J) that had been exposed to nicotine 
fumes from e-cigarettes. The experimental results 
showed that exposure of mice to nicotine-containing 
fumes during a period of rapid brain development may 
cause permanent behavioural changes. Studies in ani-
mal models have shown that the exposure of the foetus 
during intrauterine life, or of puppies after birth, to 
e-cigarette fumes containing nicotine led to weight 
and body length reduction. However, there are no 
evaluative studies yet on the reproductive impact of 
e-cigarette use by pregnant women [80]. Despite this, 
the use of e-cigarettes can deliver levels of nicotine 
and its metabolites similar to, or even higher than, those 
provided by traditional cigarettes with a similar sys-
temic retention [82]. The literature results indicate that 
the use of electronic nicotine delivery systems (ENDS) 
by pregnant women is not safe for foetuses [80-84].

Cannabis and the endocrinal-gonadal 
system

The hemp plant is one of the oldest herbs in Central 
Asia. It has been used since antiquity for therapeu-
tic, recreational, and even religious purposes. There 
are 2 types of this plant: indica and sativa. Both 

types have many different forms; they can be dried 
as seeds, flowers, stems, or leaves. Currently, in ad-
dition to alcohol and tobacco, marijuana is one of 
the most common psychotropic drugs [85], and its 
prevalence has grown significantly. According to 
the World Health Organization, the annual preva-
lence of cannabis use is around 2.5% of the world’s 
population [86].

A ‘cannabinoid’ is a compound of the cannabis 
plant or its derivatives (phytocannabinoids, endocan-
nabinoids, and synthetic cannabinoids) [87]. The most 
abundant phytocannabinoids are D-9 tetrahydro-
cannabinol (THC) and cannabidiol (CBD) [88]. On 
the other hand, cannabis is divided into 3 chemical 
variants depending on the cannabinoid content: Type 
I (THC dominance), Type II (CBD and THC), and Type 
III (CBD dominance) [89]. Endogenous cannabinoids 
(eCBs) are substances produced naturally in the body 
that work through cannabinoid receptors. eCBs contain 
lipophilic neurotransmitters: arachidonoylethanol-
amine (anandamide, AEA), 2-arachidonoyl glycerol 
(2-AG), 2-arachidonoyl glyceryl ether (noladin ether), 
virodhamine, and N-arachidonoyl glycerol (NADA). 
Contrary to eCBs, there are synthetic cannabinoids 
(THC analogues) [90].

The influence of cannabis on the female and male 
hypothalamic–pituitary–gonadal axis
Adolescents often use cannabinoids in their reproduc-
tive years, so the influence of marijuana on the repro-
ductive system, especially on fertility, should be taken 
into account [91–93].

Animal study
Chronic administration of cannabinoids to rodents 
resulted in a reduction in gonadotropin-releas-
ing hormone (GnRH) release in female animals. THC 
reduced the release of GnRH which was stimulated 
by norepinephrine and dopamine [94–96]. Similar 
reactions occurred with chronic cannabis adminis-
tration, where GnRH receptors were expressed in 
the pituitary gland [97].

High levels of cannabinoids not only affect the hy-
pothalamus, but also may disturb both the Graafian 
follicle maturation process and ovulation (the level of 
vascular cells) [98–99]. It has been shown that endo-
cannabinoids negatively affect the male reproductive 
system. Endocannabinoids have CB1Rs receptors in 
the hypothalamus, pituitary gland, testis, Leydig cells, 
and sperm [91, 100, 101]. It has been shown that the ad-
ministration of THC results in a reduction in plasma LH, 
T, and FSH [102]. THC has direct and indirect multiple 
effects on the inhibition of GnRH release, which causes 
an inhibition in LH pulsatility [96, 103].
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Moreover, it has been found that CBD can inhibit 
the 7a‐hydroxylase enzyme, which is necessary in 
the synthesis of androgen in the rat testis. The dys-
function of this enzyme leads to a decrease in testos-
terone production by the Leydig cells in the testis [91]. 
An experiment on mice resulted in a 47% decrease in 
sperm motility after administering 1 mM of THC for 
15 min and a 67% decrease after administering 10 mM of 
THC for 15 min [104]. Testicular atrophy and a decrease 
in the seminiferous tubule diameter were also seen after 
the administration of AEA and THC [103-104].

Human data
Cannabinoids exert a negative effect on the female re-
productive system [103]. During pregnancy, THC may 
cross the placental barrier, which may lead to the birth 
of a child with low birth weight or even premature 
delivery [105–106], and an increased risk of pregnancy 
loss has also been observed [107]. Continuous consump-
tion of marijuana (during conception, throughout 
pregnancy) has even resulted in sudden infant death 
syndromes [108].

CB1R agonists significantly reduce the concentration 
of prolactin, and cannabinoids increase the release of 
dopamine in the hypothalamus, and as a result the re-
lease of prolactin is inhibited [109]. But in the case of 
chronic marijuana use, there is a ‘rebound phenom-
enon’, leading to significant hyperprolactinaemia [110]. 
Research by Crume et al. [111] showed that the use 
of marijuana during lactation was associated with its 
shortening.

There is currently a lack of accurate data related 
to PCOS and cannabinoid consumption. Currently, 
the relationship between the endocannabinoid sys-
tem and the development of PCOS has been proven, 
and this is also found in non-obese people. Moreover, 
an increased level of AEA has been shown in PCOS 
patients [112]. It has also been postulated that ECS 
activation and CB1R overexpression is associated with 
insulin resistance in women with PCOS. Research by 
Juan et al. [113] showed increased expression of AEA, 
2-AG, CB1R, and CB2R mRNA in those with PCOS 
compared to healthy patients.

The latest research by Lammert et al. [114] showed 
that women who use cannabis and tobacco have 
a shortened luteal phase, in comparison to females 
who only use tobacco. A very interesting and inno-
vative study (a randomised, placebo-controlled trial 
test) was conducted by Sherman [115] in a group of 
8 heavy cannabis users, 3 of whom received micronised 
progesterone (200 mg; n = 3), while the rest received 
a matching placebo (n = 5), in the early follicular phase 
of their menstrual cycle during cannabis withdrawal. 
Among the women receiving progesterone, all tests 

were negative, which was further confirmed by can-
nabis abstinence.

Cannabinoids exert a negative effect on the human 
reproductive system [103]. Recent studies have shown 
that the human sperm expresses both cannabinoid 
receptors: CB1RS and CB2RS [101]. Cannabinoids 
and eCBs have been shown to negatively affect sperm 
function. THC activates CB1RS on sperm and results 
in a reduction in the lifespan and motility of the sperm 

[103]. In addition, THC hinders the induction of capac-
itation by the acrosome reaction inhibiting penetration 
to the zona pellucida and inhibiting the fertilisation 
capacity [116–118]. An association between marijuana 
use and a decrease in sperm count and concentra-
tion has been made based on the results of  these 
studies [119, 120]. Men who use marijuana have shown 
a poor sperm morphology when presented for infertil-
ity evaluation [121]. Long-term use of marijuana can 
lead to disturbances in erectile function [122]. The lat-
est studies have shown that there is an association 
between the use of cannabis and an increase in testicu-
lar germ cell tumours, especially non-seminomatous 
tumours [123–124].

Effects of alcohol on the genitals

Excessive and continuous consumption of alcohol leads 
to multifactorial and polygenic disorders that can result 
in various phenotypic addictions [125–126]. Alcohol, 
in addition to its influence on the liver, cardiovascular 
system [127], immune disorders, mental disorders, 
and some neoplasms [128], causes numerous hormonal 
disorders [126, 129].

The influence of alcohol on the hypothalamic-
pituitary-adrenal axis
Alcohol activates the hypothalamic–pituitary–adrenal 
(HPA) axis, which results in an increase in the con-
centration of adrenocorticotropic hormone (ACTH) 
and glucocorticoids [126].

Animal study
In rats, acute administration of ethanol increases 
the levels of ACTH and corticosterone in the plasma, 
and it has additionally been proven that females 
show a greater response after the administration of 
ethanol than males [130]. Rivier et al. [131] showed 
that under the influence of ethanol the concentra-
tion of corticotrophin-releasing hormone (CRH) from 
the hypothalamus increases. It has been noted that 
the paraventricular nucleus (PVN) is damaged signifi-
cantly, but this does not abolish the stimulating effect 
of ethanol on ACTH release [131]. Hence, additional 
regions of PVN and/or, for example, vasopressin have 
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been shown to mediate the stimulation of ACTH re-
lease by ethanol [132]. In the case of chronic alcohol 
administration, the response to cortisol and ACTH is 
reduced [133]. Additionally, the CRH system has been 
proven to play an important role in alcoholism, limiting 
the expression of CRH mRNA in the PVN [134] and re-
ducing the pituitary response to CRH [135]. It has also 
been shown that mice lacking the CRH1 receptor show 
an increase in alcohol consumption, even for the rest 
of their lives [136, 137].

Human study
Alcohol produces both sedating and stimulant effects 
in humans. Several studies have shown a stimulating 
effect of alcohol on the HPA axis [138] and increased uri-
nary cortisol levels in men [139]. In alcoholics, the HPA 
axis function is disturbed [133, 140–141].

In addition, it has been shown that decreased opioid 
activity as a result of alcoholism or genetically associ-
ated with the risk of alcoholism can induce hypercor-
tisolaemia alter mesolimbic dopamine (DA) production 
and lead to inappropriate ethanol enhancement [140, 
142].

Alcohol and the hypothalamic-pituitary-gonadal 
axis
Alcohol abuse and alcoholism are associated with im-
paired reproductive function in both men and women. 
The HPG axis and its hormones are essential for 
the proper functioning of the reproductive system. 
It has been shown that in people with excessive alco-
hol consumption, HPG dysfunction is associated with 
decreased libido, infertility, and gonadal atrophy. Sev-
eral studies have clearly documented that alcohol has 
a detrimental effect on all 3 components of the HPG 
axis: the hypothalamus, pituitary, and gonads. We will 
review some of these studies on the acute and chronic 
effects of alcohol on the male and female reproduc-
tive systems [126]. Dysregulation of the HPG axis can 
therefore lead not only to reproductive dysfunction, 
but also to other serious health problems such as mood 
and memory disorders, osteoporosis, and muscle atro-
phy [126, 143, 144].

The influence of alcohol on the hypothalamic-
pituitary-gonadal axis in puberty
Moderate alcohol consumption in puberty girls causes 
low E levels [145]. Boys also experience hormonal 
changes when consuming alcohol. First, there is a sig-
nificant reduction in the levels of testosterone and pi-
tuitary hormones (LH and FSH) [146]. Under the influ-
ence of alcohol, alcohol-induced HPG axis activity is 
disturbed, which results in reproductive and growth 
disorders [147].

Animal study
Studies in rodents and monkeys have shown that 
alcohol reduces hypothalamic LHRH secretion 
and increases the concentration of growth hormone 
releasing hormone (GRH) [148], which was associated 
with a decrease in circulating growth hormone (GH) 

[147]. The decrease in GH under the influence of al-
cohol was associated with the decrease in insulin-like 
growth factor 1 (IGF-1), i.e. with disturbed growth in 
animals [149].

In female monkeys, alcohol caused a significant 
reduction in LH, E, and IGF-1 but did not affect FSH 
and leptin levels [150].

Alcohol and the female and the male 
hypothalamic-pituitary-gonadal axis
Premenopausal alcohol consumption leads to men-
strual disorders, reproductive disorders (decreased 
ovarian reserve), anovulatory cycles, increased risk 
of spontaneous abortions, and early menopause 
or hyperprolactinaemia [151–155]. In the case of hor-
mone replacement therapy, oestradiol metabolism 
disorders (decreased oestradiol conversion to oes-
trone) occurred in women who consumed alcohol 

[156]. Dysregulation of the HPG axis may therefore 
lead not only to reproductive dysfunction, but also 
to other serious health problems, such as mood 
and memory disorders, osteoporosis, and muscle 
wasting [126, 143, 144].

Consuming ethanol, both acute and chronic, causes 
a decrease in testosterone and progesterone levels, 
and an increase in FSH, LH, and E, which results in 
a decrease in semen, sperm count, and motility [157]. In 
the case of cirrhosis of the liver caused by alcoholism, 
hypogonadism (increase of oestradiol and oestrone) is 
observed [158].

Animal study
Studies conducted on young rats subjected to acute 
and chronic exposure to ethanol showed a decrease in 
testosterone levels and abnormalities in LH and FSH 
levels [159–160].

Alcohol and prolactin
Alcohol consumption has been shown to induce hy-
perprolactinaemia in animals and in humans. Animal 
studies (in female macaques) have shown an increased 
concentration of prolactin (PRL) during chronic alco-
hol administration [161, 162]. It has also been shown 
in rats that ethanol increases plasma PRL levels 
and pituitary weight in cyclic female rats and ovari-
ectomised rats [163], and leads to the formation of 
a prolactinoma tumour induced by elevated oestradiol 
(alcohol induction) [164].
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The effect of caffeine (found in coffee, tea, 
and cocoa drinks) on the female and male 
reproductive system

It was observed during the pandemic that there was 
a decrease in ready-to-eat meals (25%) and alco-
hol (12%) compared to what was consumed before 
the pandemic. Increased consumption of vegetables 
and fruits may result from greater care for the supply 
of essential vitamins for fear of viral infection [165]. 
Retrospective studies by Silva et al. [166] and Salman et 
al. [167] confirmed the increase in fruit and vegetable 
consumption during the pandemic.

Excess caffeine consumption may adversely af-
fect male reproductive function, possibly through 
DNA damage (aneuploidy, DNA breakage) of sperm, 
although these studies are not entirely consistent. As 
a result, it was proven that in most studies, caffeine 
consumption had no effect on sperm parameters [165, 
168, 169]. It is true that some studies have shown that 
drinking coffee by women was associated with a longer 
time required to become pregnant [165].

A study by Rivera-Calimlim in a 6-week-old infant 
who was breastfed by a mother drinking 4–5 cups of 
coffee and about 480  ml of cola daily showed hand 
tremors and an increase in muscle tone in this child. 
These symptoms were significantly reduced when 
the mother stopped the caffeine consumption [170–172]. 
The authors concluded that a limit of 300 mg of caffeine 
per day is reasonable [173].

Breastfeeding mothers who consumed a lot of 
coffee (more than 450 mL per day), delivered infants 
with lower birth weight and decreased haemoglobin 
and haematocrit at birth. Iron levels in breast milk were 
also lower among coffee drinkers, and their infants’ 
haemoglobin and haematocrit values were lower up 
to one month after delivery [174].

A review of studies conducted from 2000 to 2020 by 
Olechno et al. based on PubMed and Google Scholar 
showed that drinking coffee, from 3 to 4 cups a day, is 
a source of magnesium and potassium, as opposed to 
calcium, sodium, and phosphorus [175].

Conclusions

Certain chemicals in modern living environments have 
been shown to significantly disrupt EDCs [18, 176].

EDCs are found, in particular in PCBs, flame retar-
dants, perfluorinated compounds, and, primarily, in 
phthalates and phenols. Mitro et al. [177] proved that 
these compounds cross the placental barrier. These 
compounds are especially dangerous in the prenatal 
period [178, 179]. Studies conducted on pregnant 
rats exposed to EDCs (a mixture of phthalates, BPA 

[32], jet fuel [180], vinclozolin [181], or a mixture of N, 
N-diethyl-meta-toluamide (DEET), and permethrin 

[182]) lead to the development of PCOS in both the first 
and third generations. On the other hand, disorders 
of the menstrual cycle and in vitro implantation (IVF) 
disorders have been shown in humans [24].

Stimulants, such as cannabis, cigarettes, alcohol, 
coffee, and UV filters, are disruptive regardless of 
the endocrine system, especially gonads. However, 
these factors are subject to constant modification. In 
this publication, particular attention was paid to their 
frequent or constant consumption (e.g. habitual alcohol 
or marijuana consumption). Demographic and socio-
economic factors affect fertility in women and men. 
The problem of infertility results from many factors, 
including those related to lifestyle: smoking, alcohol 
consumption, use of other psychoactive substances, 
obesity, mental stress, improper diet, and caffeine in-
take [159, 160, 175, 183]. Expanding knowledge about 
changes in the reproductive system due to the effect of 
chronic alcohol consumption, as well as other modifi-
able risk factors for infertility, will allow for the imple-
mentation of early prophylaxis.

However, it has been observed that the use of 
e-cigarettes rises sharply in pregnant women, as well as 
in women of childbearing age, because it is believed that 
it is healthier than smoking regular cigarettes and useful 
as an aid in reducing and quitting smoking. The current 
effects of e-cigarettes on human development are com-
pletely unknown [184]. So, promoting awareness among 
the public and service providers about the risks and ben-
efits of the use of e-cigarettes by pregnant women [185] 
has been suggested. Guidelines and evidence-based re-
search on the use of e-cigarettes during pregnancy must 
also be prepared by global healthcare organisations. 
Animals that were exposed to e-vapours at critical devel-
opmental periods, as in the research conducted by Lee 
et al., showed this can interfere with the development 
of the genital organs, leading to damage [186].

It is important to spread this knowledge not only 
among patients of infertility treatment clinics or addic-
tion centres, but also among family doctors, who are 
usually the first point of contact for the patient. Aware-
ness in the Polish population of the interrelationship of 
these important issues should enable implementation of 
comprehensive treatment, not only directed at the prob-
lem with which the patient presents to the doctor, but 
also at what can cause it to be reversed.

Conflict of interest
The authors declare that they have no conflict of interests.

Funding 
None declared.



229

Endokrynologia Polska 2023; 74 (3)

R
EV

IE
W

References
1. Zoeller RT, Brown TR, Doan LL, et al. Endocrine-disrupting chemi-

cals and public health protection: a statement of principles from 
The Endocrine Society. Endocrinology. 2012; 153(9): 4097–4110, 
doi: 10.1210/en.2012-1422, indexed in Pubmed: 22733974.

2. Rutkowska A, Rachoń D, Milewicz A, et al. Polish Society of Endocri-
nology Position statement on endocrine disrupting chemicals (EDCs). 
Endokrynol Pol. 2015; 66(3): 276–281, doi: 10.5603/EP.2015.0035, indexed 
in Pubmed: 26136137.

3. Diamanti-Kandarakis E, Bourguignon JP, Giudice LC, et al. Endo-
crine-disrupting chemicals: an Endocrine Society scientific statement. 
Endocr Rev. 2009; 30(4): 293–342, doi: 10.1210/er.2009-0002, indexed in 
Pubmed: 19502515.

4. Cocco P. On the rumors about the silent spring. Review of the scientific 
evidence linking occupational and environmental pesticide exposure 
to endocrine disruption health effects. Cad Saude Publica. 2002; 
18(2): 379–402, doi:  10.1590/s0102-311x2002000200003, indexed in 
Pubmed: 11923880.

5. Akhtar N, Kayani SA, Ahmad MM, et al. Insecticide-induced changes 
in secretory activity of the thyroid gland in rats. J Appl Toxicol. 1996; 
16(5): 397–400, doi:  10.1002/(SICI)1099-1263(199609)16:5<397::A
ID-JAT362>3.0.CO;2-Y, indexed in Pubmed: 8889791.

6. Leghait J, Gayrard V, Picard-Hagen N, et al. Fipronil-induced disrup-
tion of thyroid function in rats is mediated by increased total and free 
thyroxine clearances concomitantly to increased activity of hepatic 
enzymes. Toxicology. 2009; 255(1-2): 38–44, doi: 10.1016/j.tox.2008.09.026, 
indexed in Pubmed: 18977275.

7. Sugiyama SI, Shimada N, Miyoshi H, et al. Detection of thyroid sys-
tem-disrupting chemicals using in vitro and in vivo screening assays in 
Xenopus laevis. Toxicol Sci. 2005; 88(2): 367–374, doi: 10.1093/toxsci/kfi330, 
indexed in Pubmed: 16179385.

8. Centers for Disease Control and Prevention. Fourth National Report 
on Human Exposure to Environmental Chemicals. Centers for Disease 
Control and Prevention, Atlanta, GA 2009.

9. Akın L, Kendirci M, Narin F, et al. The endocrine disruptor bisphe-
nol A may play a role in the aetiopathogenesis of polycystic ovary 
syndrome in adolescent girls. Acta Paediatr. 2015; 104(4): e171–e177, 
doi: 10.1111/apa.12885, indexed in Pubmed: 25469562.

10. Tarantino G, Valentino R, Di Somma C, et al. Bisphenol A in polycystic 
ovary syndrome and its association with liver-spleen axis. Clin Endo-
crinol (Oxf). 2013; 78(3): 447–453, doi: 10.1111/j.1365-2265.2012.04500.x, 
indexed in Pubmed: 22805002.

11. Rajkhowa M, Bicknell J, Jones M, et al. Insulin sensitivity in women with 
polycystic ovary syndrome: relationship to hyperandrogenemia. Fertil 
Steril. 1994; 61(4): 605–612, doi: 10.1016/s0015-0282(16)56633-3, indexed 
in Pubmed: 8150099.

12. Lang IA, Galloway TS, Scarlett A, et al. Association of urinary bisphenol 
A concentration with medical disorders and laboratory abnormalities in 
adults. JAMA. 2008; 300(11): 1303–1310, doi: 10.1001/jama.300.11.1303, 
indexed in Pubmed: 18799442.

13. Kandaraki E, Chatzigeorgiou A, Livadas S, et al. Endocrine disruptors 
and polycystic ovary syndrome (PCOS): elevated serum levels of bi-
sphenol A in women with PCOS. J Clin Endocrinol Metab. 2011; 96(3): 
E480–E484, doi: 10.1210/jc.2010-1658, indexed in Pubmed: 21193545.

14. Takeuchi T, Tsutsumi O, Ikezuki Y, et al. Positive relationship between 
androgen and the endocrine disruptor, bisphenol A, in normal women 
and women with ovarian dysfunction. Endocr J. 2004; 51(2): 165–169, 
doi: 10.1507/endocrj.51.165, indexed in Pubmed: 15118266.

15. United States Food and Drug Administration. Update on Bisphenol 
A for Use in Food Contact Applications. United States Food and Drug 
Administration, Silver Spring, MD 2010.

16. Ikezuki Y, Tsutsumi O, Takai Y, et al. Determination of bisphenol A con-
centrations in human biological fluids reveals significant early prenatal 
exposure. Hum Reprod. 2002; 17(11): 2839–2841, doi:  10.1093/hum-
rep/17.11.2839, indexed in Pubmed: 12407035.

17. Wang W, Hafner KS, Flaws JA. In utero bisphenol A exposure dis-
rupts germ cell nest breakdown and reduces fertility with age in 
the mouse. Toxicol Appl Pharmacol. 2014; 276(2): 157–164, doi: 10.1016/j.
taap.2014.02.009, indexed in Pubmed: 24576723.

18. Hewlett M, Chow E, Aschengrau A, et al. Prenatal Exposure to Endocrine 
Disruptors: A Developmental Etiology for Polycystic Ovary Syndrome. 
Reprod Sci. 2017; 24(1): 19–27, doi: 10.1177/1933719116654992, indexed 
in Pubmed: 27342273.

19. Howdeshell KL, Hotchkiss AK, Thayer KA, et al. Exposure to bisphenol 
A advances puberty. Nature. 1999; 401(6755): 763–764, doi: 10.1038/44517, 
indexed in Pubmed: 10548101.

20. Honma S, Suzuki A, Buchanan DL, et al. Low dose effect of in utero expo-
sure to bisphenol A and diethylstilbestrol on female mouse reproduction. 
Reprod Toxicol. 2002; 16(2): 117–122, doi: 10.1016/s0890-6238(02)00006-0, 
indexed in Pubmed: 11955942.

21. Nguyen RHN, Umbach DM, Parad RB, et al. US assessment of 
estrogen-responsive organ growth among healthy term infants: pilot-

ing methods for assessing estrogenic activity. Pediatr Radiol. 2011; 41(5): 
633–642, doi: 10.1007/s00247-010-1895-0, indexed in Pubmed: 21104239.

22. Barrett ES, Sobolewski M. Polycystic ovary syndrome: do endocrine-dis-
rupting chemicals play a role? Semin Reprod Med. 2014; 32(3): 166–176, 
doi: 10.1055/s-0034-1371088, indexed in Pubmed: 24715511.

23. Meeker JD, Ferguson KK. Relationship between urinary phthalate and bi-
sphenol A concentrations and serum thyroid measures in U.S. adults 
and adolescents from the National Health and Nutrition Examination 
Survey (NHANES) 2007-2008. Environ Health Perspect. 2011; 119(10): 
1396–1402, doi: 10.1289/ehp.1103582, indexed in Pubmed: 21749963.

24. Meeker JD, Maity A, Missmer SA, et al. Serum concentrations of polychlo-
rinated biphenyls in relation to in vitro fertilization outcomes. Environ 
Health Perspect. 2011; 119(7): 1010–1016, doi:  10.1289/ehp.1002922, 
indexed in Pubmed: 21345762.

25. Park C, Choi W, Hwang M, et al. Associations between urinary phthal-
ate metabolites and bisphenol A levels, and serum thyroid hormones 
among the Korean adult population - Korean National Environ-
mental Health Survey (KoNEHS) 2012-2014. Sci Total Environ. 2017; 
584-585: 950–957, doi:  10.1016/j.scitotenv.2017.01.144, indexed in 
Pubmed: 28153396.

26. Testai E, Hartemann P, Rastogi SC, et al. Ms Scientific Committee 
SCENIHR. Electronic address: SANTE-C2-SCENIHR@ec.europa.eu, Ms 
Scientific Committee SCENIHR. The safety of medical devices contain-
ing DEHP plasticized PVC or other plasticizers on neonates and other 
groups possibly at risk (2015 update). Regul Toxicol Pharmacol. 2016; 76: 
209–210, doi: 10.1016/j.yrtph.2016.01.013, indexed in Pubmed: 26854686.

27. Al-Natsheh M, Alawi M, Fayyad M, et al. Simultaneous GC-MS determi-
nation of eight phthalates in total and migrated portions of plasticized 
polymeric toys and childcare articles. J Chromatogr B Analyt Technol 
Biomed Life Sci. 2015; 985: 103–109, doi: 10.1016/j.jchromb.2015.01.010, 
indexed in Pubmed: 25667041.

28. Al-Saleh I, Elkhatib R. Screening of phthalate esters in 47 brand-
ed perfumes. Environ Sci Pollut Res Int. 2016; 23(1): 455–468, 
doi: 10.1007/s11356-015-5267-z, indexed in Pubmed: 26310707.

29. Wang J, Chen G, Christie P, et al. Occurrence and risk assessment of 
phthalate esters (PAEs) in vegetables and soils of suburban plastic film 
greenhouses. Sci Total Environ. 2015; 523: 129–137, doi: 10.1016/j.scito-
tenv.2015.02.101, indexed in Pubmed: 25863503.

30. Schmidt JS, Schaedlich K, Fiandanese N, et al. Effects of di(2-eth-
ylhexyl) phthalate (DEHP) on female fertility and adipogen-
esis in C3H/N mice. Environ Health Perspect. 2012; 120(8): 1123–1129, 
doi: 10.1289/ehp.1104016, indexed in Pubmed: 22588786.

31. National Toxicology Program. NTP-CERHR Monograph on the Poten-
tial Human Reproductive and Developmental Effects of Di-n-Butyl 
Phthalate (DBP). NTP CERHR MON. 2003(4): i–III90, indexed in 
Pubmed: 15995736.

32. Manikkam M, Tracey R, Guerrero-Bosagna C, et al. Plastics derived 
endocrine disruptors (BPA, DEHP and DBP) induce epigenetic trans-
generational inheritance of obesity, reproductive disease and sperm 
epimutations. PLoS One. 2013; 8(1): e55387, doi:  10.1371/journal.
pone.0055387, indexed in Pubmed: 23359474.

33. Grande SW, Andrade AJM, Talsness CE, et al. A dose-response study fol-
lowing in utero and lactational exposure to di-(2-ethylhexyl) phthalate 
(DEHP): reproductive effects on adult female offspring rats. Toxicol-
ogy. 2007; 229(1-2): 114–122, doi: 10.1016/j.tox.2006.10.005, indexed in 
Pubmed: 17098345.

34. Lyche JL, Gutleb AC, Bergman A, et al. Reproductive and developmental 
toxicity of phthalates. J Toxicol Environ Health B Crit Rev. 2009; 12(4): 
225–249, doi: 10.1080/10937400903094091, indexed in Pubmed: 20183522.

35. Davis BJ, Maronpot RR, Heindel JJ. Di-(2-ethylhexyl) phthalate sup-
presses estradiol and ovulation in cycling rats. Toxicol Appl Phar-
macol. 1994; 128(2): 216–223, doi:  10.1006/taap.1994.1200, indexed in 
Pubmed: 7940536.

36. Lovekamp-Swan T, Davis BJ. Mechanisms of phthalate ester toxicity in 
the female reproductive system. Environ Health Perspect. 2003; 111(2): 
139–145, doi: 10.1289/ehp.5658, indexed in Pubmed: 12573895.

37. Main KM, Mortensen GK, Kaleva MM, et al. Human breast milk contami-
nation with phthalates and alterations of endogenous reproductive hor-
mones in infants three months of age. Environ Health Perspect. 2006; 
114(2): 270–276, doi: 10.1289/ehp.8075, indexed in Pubmed: 16451866.

38. Hart R, Doherty DA, Frederiksen H, et al. The influence of antenatal 
exposure to phthalates on subsequent female reproductive develop-
ment in adolescence: a pilot study. Reproduction. 2014; 147(4): 379–390, 
doi: 10.1530/REP-13-0331, indexed in Pubmed: 24025997.

39. Maliqueo M, Sir-Petermann T, Pérez V, et al. Adrenal function dur-
ing childhood and puberty in daughters of women with polycystic 
ovary syndrome. J Clin Endocrinol Metab. 2009; 94(9): 3282–3288, 
doi: 10.1210/jc.2009-0427, indexed in Pubmed: 19567527.

40. Tehrani FR, Noroozzadeh M, Zahediasl S, et al. Introducing a rat model 
of prenatal androgen-induced polycystic ovary syndrome in adulthood. 
Exp Physiol. 2014; 99(5): 792–801, doi: 10.1113/expphysiol.2014.078055, 
indexed in Pubmed: 24532600.

https://www.ncbi.nlm.nih.gov/pubmed/22733974
http://dx.doi.org/10.5603/EP.2015.0035
https://www.ncbi.nlm.nih.gov/pubmed/26136137
http://dx.doi.org/10.1210/er.2009-0002
https://www.ncbi.nlm.nih.gov/pubmed/19502515
http://dx.doi.org/10.1590/s0102-311x2002000200003
https://www.ncbi.nlm.nih.gov/pubmed/11923880
http://dx.doi.org/10.1002/(SICI)1099-1263(199609)16:5%3C397::AID-JAT362%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/(SICI)1099-1263(199609)16:5%3C397::AID-JAT362%3E3.0.CO;2-Y
https://www.ncbi.nlm.nih.gov/pubmed/8889791
http://dx.doi.org/10.1016/j.tox.2008.09.026
https://www.ncbi.nlm.nih.gov/pubmed/18977275
http://dx.doi.org/10.1093/toxsci/kfi330
https://www.ncbi.nlm.nih.gov/pubmed/16179385
http://dx.doi.org/10.1111/apa.12885
https://www.ncbi.nlm.nih.gov/pubmed/25469562
http://dx.doi.org/10.1111/j.1365-2265.2012.04500.x
http://dx.doi.org/10.1016/s0015-0282(16)56633-3
https://www.ncbi.nlm.nih.gov/pubmed/8150099
http://dx.doi.org/10.1001/jama.300.11.1303
https://www.ncbi.nlm.nih.gov/pubmed/18799442
http://dx.doi.org/10.1210/jc.2010-1658
https://www.ncbi.nlm.nih.gov/pubmed/21193545
http://dx.doi.org/10.1507/endocrj.51.165
https://www.ncbi.nlm.nih.gov/pubmed/15118266
http://dx.doi.org/10.1093/humrep/17.11.2839
http://dx.doi.org/10.1093/humrep/17.11.2839
https://www.ncbi.nlm.nih.gov/pubmed/12407035
http://dx.doi.org/10.1016/j.taap.2014.02.009
http://dx.doi.org/10.1016/j.taap.2014.02.009
https://www.ncbi.nlm.nih.gov/pubmed/24576723
http://dx.doi.org/10.1177/1933719116654992
https://www.ncbi.nlm.nih.gov/pubmed/27342273
http://dx.doi.org/10.1038/44517
https://www.ncbi.nlm.nih.gov/pubmed/10548101
http://dx.doi.org/10.1016/s0890-6238(02)00006-0
https://www.ncbi.nlm.nih.gov/pubmed/11955942
http://dx.doi.org/10.1007/s00247-010-1895-0
https://www.ncbi.nlm.nih.gov/pubmed/21104239
http://dx.doi.org/10.1055/s-0034-1371088
https://www.ncbi.nlm.nih.gov/pubmed/24715511
http://dx.doi.org/10.1289/ehp.1103582
https://www.ncbi.nlm.nih.gov/pubmed/21749963
http://dx.doi.org/10.1289/ehp.1002922
https://www.ncbi.nlm.nih.gov/pubmed/21345762
http://dx.doi.org/10.1016/j.scitotenv.2017.01.144
https://www.ncbi.nlm.nih.gov/pubmed/28153396
http://dx.doi.org/10.1016/j.yrtph.2016.01.013
https://www.ncbi.nlm.nih.gov/pubmed/26854686
http://dx.doi.org/10.1016/j.jchromb.2015.01.010
https://www.ncbi.nlm.nih.gov/pubmed/25667041
http://dx.doi.org/10.1007/s11356-015-5267-z
https://www.ncbi.nlm.nih.gov/pubmed/26310707
http://dx.doi.org/10.1016/j.scitotenv.2015.02.101
http://dx.doi.org/10.1016/j.scitotenv.2015.02.101
https://www.ncbi.nlm.nih.gov/pubmed/25863503
http://dx.doi.org/10.1289/ehp.1104016
https://www.ncbi.nlm.nih.gov/pubmed/22588786
https://www.ncbi.nlm.nih.gov/pubmed/15995736
http://dx.doi.org/10.1371/journal.pone.0055387
http://dx.doi.org/10.1371/journal.pone.0055387
https://www.ncbi.nlm.nih.gov/pubmed/23359474
http://dx.doi.org/10.1016/j.tox.2006.10.005
https://www.ncbi.nlm.nih.gov/pubmed/17098345
http://dx.doi.org/10.1080/10937400903094091
https://www.ncbi.nlm.nih.gov/pubmed/20183522
http://dx.doi.org/10.1006/taap.1994.1200
http://dx.doi.org/10.1289/ehp.5658
https://www.ncbi.nlm.nih.gov/pubmed/12573895
http://dx.doi.org/10.1289/ehp.8075
https://www.ncbi.nlm.nih.gov/pubmed/16451866
http://dx.doi.org/10.1530/REP-13-0331
https://www.ncbi.nlm.nih.gov/pubmed/24025997
http://dx.doi.org/10.1210/jc.2009-0427
https://www.ncbi.nlm.nih.gov/pubmed/19567527
http://dx.doi.org/10.1113/expphysiol.2014.078055
https://www.ncbi.nlm.nih.gov/pubmed/24532600


230

The role of stimulants in reproductive disruption Agata Czarnywojtek et al.

R
EV

IE
W

41. Wu XY, Li ZL, Wu CY, et al. Endocrine traits of polycystic ovary 
syndrome in prenatally androgenized female Sprague-Dawley rats. 
Endocr J. 2010; 57(3): 201–209, doi: 10.1507/endocrj.k09e-205, indexed 
in Pubmed: 20057162.

42. Abbott DH, Tarantal AF, Dumesic DA. Fetal, infant, adolescent and adult 
phenotypes of polycystic ovary syndrome in prenatally androgen-
ized female rhesus monkeys. Am J Primatol. 2009; 71(9): 776–784, 
doi: 10.1002/ajp.20679, indexed in Pubmed: 19367587.

43. Dumesic DA, Abbott DH, Eisner JR, et al. Prenatal exposure of female 
rhesus monkeys to testosterone propionate increases serum lutein-
izing hormone levels in adulthood. Fertil Steril. 1997; 67(1): 155–163, 
doi: 10.1016/s0015-0282(97)81873-0, indexed in Pubmed: 8986701.

44. Halden RU. On the need and speed of regulating triclosan and triclo-
carban in the United States. Environ Sci Technol. 2014; 48(7): 3603–3611, 
doi: 10.1021/es500495p, indexed in Pubmed: 24588513.

45. Pycke BFG, Geer LA, Dalloul M, et al. Human fetal exposure to triclosan 
and triclocarban in an urban population from Brooklyn, New York. 
Environ Sci Technol. 2014; 48(15): 8831–8838, doi: 10.1021/es501100w, 
indexed in Pubmed: 24971846.

46. Chen J, Ahn KiC, Gee NA, et al. Triclocarban enhances testosterone ac-
tion: a new type of endocrine disruptor? Endocrinology. 2008; 149(3): 
1173–1179, doi: 10.1210/en.2007-1057, indexed in Pubmed: 18048496.

47. Krause M, Klit A, Blomberg Jensen M, et al. Sunscreens: are they ben-
eficial for health? An overview of endocrine disrupting properties of 
UV-filters. Int J Androl. 2012; 35(3): 424–436, doi: 10.1111/j.1365-2605.20
12.01280.x, indexed in Pubmed: 22612478.

48. Smijs TG, Pavel S. Titanium dioxide and zinc oxide nanoparticles in sun-
screens: focus on their safety and effectiveness. Nanotechnol Sci Appl. 
2011; 4: 95–112, doi: 10.2147/NSA.S19419, indexed in Pubmed: 24198489.

49. Sharma TR, Yeh V, Debanne SM, et al. Association Between Perceived 
Skin Cancer Risk Reduction and Sunscreen Use. Dermatol Surg. 
2020; 46(7): 885–889, doi:  10.1097/DSS.0000000000002126, indexed in 
Pubmed: 31517656.

50. Watts CG, Drummond M, Goumas C, et al. Sunscreen Use and Mela-
noma Risk Among Young Australian Adults. JAMA Dermatol. 2018; 
154(9): 1001–1009, doi:  10.1001/jamadermatol.2018.1774, indexed in 
Pubmed: 30027280.

51. Khan AQ, Travers JB, Kemp MG. Roles of UVA radiation and DNA dam-
age responses in melanoma pathogenesis. Environ Mol Mutagen. 2018; 
59(5): 438–460, doi: 10.1002/em.22176, indexed in Pubmed: 29466611.

52. Kamenisch Y, Ivanova I, Drexler K, et al. UVA, metabolism and mela-
noma: UVA makes melanoma hungry for metastasis. Exp Dermatol. 2018; 
27(9): 941–949, doi: 10.1111/exd.13561, indexed in Pubmed: 29658146.

53. Santamaría CG, Abud JE, Porporato MM, et al. The UV filter benzo-
phenone 3, alters early follicular assembly in rat whole ovary cultures. 
Toxicol Lett. 2019; 303: 48–54, doi: 10.1016/j.toxlet.2018.12.016, indexed 
in Pubmed: 30599193.

54. Adoamnei E, Mendiola J, Moñino-García M, et al. Urinary concentra-
tions of benzophenone-type ultra violet light filters and reproductive 
parameters in young men. Int J Hyg Environ Health. 2018; 221(3): 
531–540, doi: 10.1016/j.ijheh.2018.02.002, indexed in Pubmed: 29449081.

55. Mínguez-Alarcón L, Chiu YH, Nassan FL, et al. Earth Study Team. 
Urinary concentrations of benzophenone-3 and reproductive outcomes 
among women undergoing infertility treatment with assisted reproduc-
tive technologies. Sci Total Environ. 2019; 678: 390–398, doi: 10.1016/j.
scitotenv.2019.04.452, indexed in Pubmed: 31077917.

56. Augood C, Duckitt K, Templeton AA. Smoking and female infertil-
ity: a systematic review and meta-analysis. Hum Reprod. 1998; 13(6): 
1532–1539, doi: 10.1093/humrep/13.6.1532, indexed in Pubmed: 9688387.

57. Wallach E, Stillman R, Rosenberg M, et al. Smoking and reproduction. Fer-
tility and Sterility. 1986; 46(4): 545–566, doi: 10.1016/s0015-0282(16)49628-7.

58. Weisberg E. Smoking and reproductive health. Clin Reprod Fertil. 
1985; 3: 175–86.

59. Stillman RJ, Rosenberg MJ, Sachs BP. Smoking and reproduction. Fertil 
Steril. 1986; 46(4): 545–566, doi: 10.1016/s0015-0282(16)49628-7, indexed 
in Pubmed: 3530822.

60. Fredricsson B, Gilljam H. Smoking and reproduction. Short and long 
term effects and benefits of smoking cessation. Acta Obstet Gynecol 
Scand. 1992; 71(8): 580–592, doi:  10.3109/00016349209006225, indexed 
in Pubmed: 1336916.

61. https://www.fertstertdialog.com/users/16110-fertility-and-sterili-
ty/posts/34147-26487.

62. Howe G, Westhoff C, Vessey M, et al. Effects of age, cigarette 
smoking, and other factors on fertility: findings in a large prospec-
tive study. Br Med J (Clin Res Ed). 1985; 290(6483): 1697–1700, 
doi: 10.1136/bmj.290.6483.1697, indexed in Pubmed: 3924219.

63. Barbieri RL, McShane PM, Ryan KJ. Constituents of cigarette smoke 
inhibit human granulosa cell aromatase. Fertil Steril. 1986; 46(2): 232–236, 
indexed in Pubmed: 3732529.

64. Michnovicz JJ, Hershcopf RJ, Naganuma H, et al. Increased 2-hydrox-
ylation of estradiol as a possible mechanism for the anti-estrogenic 

effect of cigarette smoking. N Engl J Med. 1986; 315(21): 1305–1309, 
doi: 10.1056/NEJM198611203152101, indexed in Pubmed: 3773953.

65. Sowers MR, McConnell D, Yosef M, et al. Relating smoking, obesity, 
insulin resistance, and ovarian biomarker changes to the final menstrual 
period. Ann N Y Acad Sci. 2010; 1204: 95–103, doi: 10.1111/j.1749-6632.
2010.05523.x, indexed in Pubmed: 20738279.

66. Freour T, Masson D, Mirallie S, et al. Active smoking compromises 
IVF outcome and affects ovarian reserve. Reprod Biomed Online. 
2008; 16(1): 96–102, doi:  10.1016/s1472-6483(10)60561-5, indexed in 
Pubmed: 18252054.

67. Plante BJ, Cooper GS, Baird DD, et al. The impact of smoking on anti-
müllerian hormone levels in women aged 38 to 50 years. Menopause. 
2010; 17(3): 571–576, doi:  10.1097/gme.0b013e3181c7deba, indexed in 
Pubmed: 20065884.

68. Craig D, Parrott A, Coomber JA. Smoking cessation in women: 
effects of the menstrual cycle. Int J Addict. 1992; 27(6): 697–706, 
doi: 10.3109/10826089209068761, indexed in Pubmed: 1612821.

69. Sakai H, Ohashi K. Association of menstrual phase with smoking 
behavior, mood and menstrual phase-associated symptoms among 
young Japanese women smokers. BMC Womens Health. 2013; 13: 10, 
doi: 10.1186/1472-6874-13-10, indexed in Pubmed: 23452831.

70. Hughes EG, Lamont DA, Beecroft ML, et al. Randomized trial of 
a “stage-of-change” oriented smoking cessation intervention in 
infertile and pregnant women. Fertil Steril. 2000; 74(3): 498–503, 
doi: 10.1016/s0015-0282(00)00687-7, indexed in Pubmed: 10973645.

71. Wetendorf M, Randall LT, Lemma MT, et al. E-Cigarette Exposure Delays 
Implantation and Causes Reduced Weight Gain in Female Offspring 
Exposed . J Endocr Soc. 2019; 3(10): 1907–1916, doi: 10.1210/js.2019-00216, 
indexed in Pubmed: 31598571.

72. Golli NEl, Jrad-Lamine A, Neffati H, et al. Impact of e-cigarette refill liq-
uid exposure on rat kidney. Regul Toxicol Pharmacol. 2016; 77: 109–116, 
doi: 10.1016/j.yrtph.2016.02.012, indexed in Pubmed: 26925498.

73. Szumilas K, Szumilas P, Grzywacz A, et al. The Effects of E-Cigarette 
Vapor Components on the Morphology and Function of the Male 
and Female Reproductive Systems: A Systematic Review. Int J Environ 
Res Public Health. 2020; 17(17), doi: 10.3390/ijerph17176152, indexed in 
Pubmed: 32847119.

74. O’Neill, H. Effect of Electronic-Cigarette Flavourings on (I) Human 
Sperm Motility, Chromatin Integrity in Vitro and (II) Mice Tes-
ticular Function in Vivo.  http://srf-reproduction.org/wp-content/ up-
loads/2017/01/Fertility-2017-Final-Programme-and-Abstracts.pdf (7 Janu-
ary 2017).

75. Wawryk-Gawda E, Zarobkiewicz M, Chłapek K, et al. Histological 
changes in the reproductive system of male rats exposed to cigarette 
smoke or electronic cigarette vapor. Toxicol Environ Chem. 2019; 101(7-8): 
404–419, doi: 10.1080/02772248.2019.1703989.

76. Wesselink AK, Hatch EE, Rothman KJ, et al. Prospective study of 
cigarette smoking and fecundability. Hum Reprod. 2019; 34(3): 558–567, 
doi: 10.1093/humrep/dey372, indexed in Pubmed: 30576495.

77. Suter MA, Anders AM, Aagaard KM. Maternal smoking as a model for en-
vironmental epigenetic changes affecting birthweight and fetal program-
ming. Mol Hum Reprod. 2013; 19(1): 1–6, doi: 10.1093/molehr/gas050, 
indexed in Pubmed: 23139402.

78. Mark KS, Farquhar B, Chisolm MS, et al. Knowledge, Attitudes, and Prac-
tice of Electronic Cigarette Use Among Pregnant Women. J Addict Med. 
2015; 9(4): 266–272, doi:  10.1097/ADM.0000000000000128, indexed in 
Pubmed: 25974378.

79. Smith D, Aherrera A, Lopez A, et al. Adult Behavior in Male Mice Ex-
posed to E-Cigarette Nicotine Vapors during Late Prenatal and Early 
Postnatal Life. PLoS One. 2015; 10(9): e0137953, doi:  10.1371/journal.
pone.0137953, indexed in Pubmed: 26372012.

80. Cardenas VM, Fischbach LA, Chowdhury P. The use of electronic 
nicotine delivery systems during pregnancy and the reproductive out-
comes: A systematic review of the literature. Tob Induc Dis. 2019; 17: 52, 
doi: 10.18332/tid/104724, indexed in Pubmed: 31582941.

81. St Helen G, Havel C, Dempsey DA, et al. Nicotine delivery, retention 
and pharmacokinetics from various electronic cigarettes. Addiction. 2016; 
111(3): 535–544, doi: 10.1111/add.13183, indexed in Pubmed: 26430813.

82. Whittington JR, Simmons PM, Phillips AM, et al. The Use of Electronic 
Cigarettes in Pregnancy: A Review of the Literature. Obstet Gynecol 
Surv. 2018; 73(9): 544–549, doi: 10.1097/OGX.0000000000000595, indexed 
in Pubmed: 30265741.

83. Bowker K, Ussher M, Cooper S, et al. Views on and experiences of 
electronic cigarettes: a qualitative study of women who are pregnant 
or have recently given birth. BMC Pregnancy Childbirth. 2018; 18(1): 233, 
doi: 10.1186/s12884-018-1856-4, indexed in Pubmed: 29902987.

84. Bryce R, Robson SJ. E-cigarettes and pregnancy. Is a closer look 
appropriate? Aust N Z J Obstet Gynaecol. 2015; 55(3): 218–221, 
doi: 10.1111/ajo.12318, indexed in Pubmed: 25996161.

85. Substance Abuse Center for Behavior Health Statistics and Quality. 
Results from the 2018 National Survey on drug use and Health: Detailed 

http://dx.doi.org/10.1507/endocrj.k09e-205
https://www.ncbi.nlm.nih.gov/pubmed/20057162
http://dx.doi.org/10.1002/ajp.20679
https://www.ncbi.nlm.nih.gov/pubmed/19367587
http://dx.doi.org/10.1016/s0015-0282(97)81873-0
https://www.ncbi.nlm.nih.gov/pubmed/8986701
http://dx.doi.org/10.1021/es500495p
https://www.ncbi.nlm.nih.gov/pubmed/24588513
http://dx.doi.org/10.1021/es501100w
https://www.ncbi.nlm.nih.gov/pubmed/24971846
http://dx.doi.org/10.1210/en.2007-1057
https://www.ncbi.nlm.nih.gov/pubmed/18048496
http://dx.doi.org/10.1111/j.1365-2605.2012.01280.x
http://dx.doi.org/10.1111/j.1365-2605.2012.01280.x
https://www.ncbi.nlm.nih.gov/pubmed/22612478
http://dx.doi.org/10.2147/NSA.S19419
https://www.ncbi.nlm.nih.gov/pubmed/24198489
http://dx.doi.org/10.1097/DSS.0000000000002126
https://www.ncbi.nlm.nih.gov/pubmed/31517656
http://dx.doi.org/10.1001/jamadermatol.2018.1774
https://www.ncbi.nlm.nih.gov/pubmed/30027280
http://dx.doi.org/10.1002/em.22176
https://www.ncbi.nlm.nih.gov/pubmed/29466611
http://dx.doi.org/10.1111/exd.13561
https://www.ncbi.nlm.nih.gov/pubmed/29658146
http://dx.doi.org/10.1016/j.toxlet.2018.12.016
https://www.ncbi.nlm.nih.gov/pubmed/30599193
http://dx.doi.org/10.1016/j.ijheh.2018.02.002
https://www.ncbi.nlm.nih.gov/pubmed/29449081
http://dx.doi.org/10.1016/j.scitotenv.2019.04.452
http://dx.doi.org/10.1016/j.scitotenv.2019.04.452
https://www.ncbi.nlm.nih.gov/pubmed/31077917
http://dx.doi.org/10.1093/humrep/13.6.1532
https://www.ncbi.nlm.nih.gov/pubmed/9688387
http://dx.doi.org/10.1016/s0015-0282(16)49628-7
http://dx.doi.org/10.1016/s0015-0282(16)49628-7
https://www.ncbi.nlm.nih.gov/pubmed/3530822
https://www.ncbi.nlm.nih.gov/pubmed/1336916
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/34147-26487
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/34147-26487
http://dx.doi.org/10.1136/bmj.290.6483.1697
https://www.ncbi.nlm.nih.gov/pubmed/3924219
https://www.ncbi.nlm.nih.gov/pubmed/3732529
http://dx.doi.org/10.1056/NEJM198611203152101
https://www.ncbi.nlm.nih.gov/pubmed/3773953
http://dx.doi.org/10.1111/j.1749-6632.2010.05523.x
http://dx.doi.org/10.1111/j.1749-6632.2010.05523.x
https://www.ncbi.nlm.nih.gov/pubmed/20738279
http://dx.doi.org/10.1016/s1472-6483(10)60561-5
https://www.ncbi.nlm.nih.gov/pubmed/18252054
http://dx.doi.org/10.1097/gme.0b013e3181c7deba
https://www.ncbi.nlm.nih.gov/pubmed/20065884
http://dx.doi.org/10.3109/10826089209068761
https://www.ncbi.nlm.nih.gov/pubmed/1612821
http://dx.doi.org/10.1186/1472-6874-13-10
https://www.ncbi.nlm.nih.gov/pubmed/23452831
http://dx.doi.org/10.1016/s0015-0282(00)00687-7
https://www.ncbi.nlm.nih.gov/pubmed/10973645
http://dx.doi.org/10.1210/js.2019-00216
https://www.ncbi.nlm.nih.gov/pubmed/31598571
http://dx.doi.org/10.1016/j.yrtph.2016.02.012
https://www.ncbi.nlm.nih.gov/pubmed/26925498
http://dx.doi.org/10.3390/ijerph17176152
https://www.ncbi.nlm.nih.gov/pubmed/32847119
http://srf-reproduction.org/wp-content/ uploads/2017/01/Fertility-2017-Final-Programme-and-Abstracts.pdf
http://srf-reproduction.org/wp-content/ uploads/2017/01/Fertility-2017-Final-Programme-and-Abstracts.pdf
http://dx.doi.org/10.1080/02772248.2019.1703989
http://dx.doi.org/10.1093/humrep/dey372
https://www.ncbi.nlm.nih.gov/pubmed/30576495
http://dx.doi.org/10.1093/molehr/gas050
https://www.ncbi.nlm.nih.gov/pubmed/23139402
http://dx.doi.org/10.1097/ADM.0000000000000128
https://www.ncbi.nlm.nih.gov/pubmed/25974378
http://dx.doi.org/10.1371/journal.pone.0137953
http://dx.doi.org/10.1371/journal.pone.0137953
https://www.ncbi.nlm.nih.gov/pubmed/26372012
http://dx.doi.org/10.18332/tid/104724
https://www.ncbi.nlm.nih.gov/pubmed/31582941
http://dx.doi.org/10.1111/add.13183
https://www.ncbi.nlm.nih.gov/pubmed/26430813
http://dx.doi.org/10.1097/OGX.0000000000000595
https://www.ncbi.nlm.nih.gov/pubmed/30265741
http://dx.doi.org/10.1186/s12884-018-1856-4
https://www.ncbi.nlm.nih.gov/pubmed/29902987
http://dx.doi.org/10.1111/ajo.12318
https://www.ncbi.nlm.nih.gov/pubmed/25996161


231

Endokrynologia Polska 2023; 74 (3)

R
EV

IE
W

Tables. SAMHSA. 2018. https://www samhsa gov/data/report/2018-ns-
duh-detailed-tables (18 Jul 2021).

86. WHO. The health and social effects of nonmedical cannabis use. 
2016. https://www.who.int/substance_abuse/publications/cannabis_re-
port/en/index10.html. (20 Jul 2021).

87. Pertwee RG, Howlett AC, Abood ME, et al. International Union of Basic 
and Clinical Pharmacology. LXXIX. Cannabinoid receptors and their 
ligands: beyond CB‐ and CB‐. Pharmacol Rev. 2010; 62(4): 588–631, 
doi: 10.1124/pr.110.003004, indexed in Pubmed: 21079038.

88. Rock EM, Parker LA. Constituents of Cannabis Sativa. Adv Exp Med 
Biol. 2021; 1264: 1–13, doi:  10.1007/978-3-030-57369-0_1, indexed in 
Pubmed: 33332000.

89. Lewis MA, Russo EB, Smith KM. Pharmacological Founda-
tions of Cannabis Chemovars. Planta Med. 2018; 84(4): 225–233, 
doi: 10.1055/s-0043-122240, indexed in Pubmed: 29161743.

90. Barnes MP. Sativex: clinical efficacy and tolerability in the treatment 
of symptoms of multiple sclerosis and neuropathic pain. Expert Opin 
Pharmacother. 2006; 7(5): 607–615, doi: 10.1517/14656566.7.5.607, indexed 
in Pubmed: 16553576.

91. Carvalho RK, Andersen ML, Mazaro-Costa R. The effects of cannabidiol 
on male reproductive system: A literature review. J Appl Toxicol. 2020; 
40(1): 132–150, doi: 10.1002/jat.3831, indexed in Pubmed: 31313338.

92. Wang H, Dey SK, Maccarrone M. Jekyll and hyde: two faces of can-
nabinoid signaling in male and female fertility. Endocr Rev. 2006; 27(5): 
427–448, doi: 10.1210/er.2006-0006, indexed in Pubmed: 16682502.

93. Meah F, Lundholm M, Emanuele N, et al. The effects of cannabis 
and cannabinoids on the endocrine system. Rev Endocr Metab Dis-
ord. 2022; 23(3): 401–420, doi: 10.1007/s11154-021-09682-w, indexed in 
Pubmed: 34460075.

94. Steger RW, Murphy LL, Bartke A, et al. Effects of psychoactive 
and nonpsychoactive cannabinoids on the hypothalamic-pituitary axis 
of the adult male rat. Pharmacol Biochem Behav. 1990; 37(2): 299–302, do
i: 10.1016/0091-3057(90)90338-i, indexed in Pubmed: 1964220.

95. Murphy LL, Steger RW, Smith MS, et al. Effects of delta-9-tetrahydro-
cannabinol, cannabinol and cannabidiol, alone and in combinations, 
on luteinizing hormone and prolactin release and on hypothalamic 
neurotransmitters in the male rat. Neuroendocrinology. 1990; 52(4): 
316–321, doi: 10.1159/000125604, indexed in Pubmed: 1979838.

96. Rettori V, Gimeno M, Lyson K, et al. Nitric oxide mediates norepineph-
rine-induced prostaglandin E2 release from the hypothalamus. Proc Natl 
Acad Sci U S A. 1992; 89(23): 11543–11546, doi: 10.1073/pnas.89.23.11543, 
indexed in Pubmed: 1280829.

97. Banerjee A, Singh A, Srivastava P, et al. Effects of chronic bhang (cannabis) 
administration on the reproductive system of male mice. Birth Defects 
Res B Dev Reprod Toxicol. 2011; 92(3): 195–205, doi: 10.1002/bdrb.20295, 
indexed in Pubmed: 21678546.

98. El-Talatini MR, Taylor AH, Konje JC. Fluctuation in anandamide levels 
from ovulation to early pregnancy in in-vitro fertilization-embryo 
transfer women, and its hormonal regulation. Hum Reprod. 2009; 24(8): 
1989–1998, doi: 10.1093/humrep/dep065, indexed in Pubmed: 19363040.

99. Walker OS, Holloway AC, Raha S. The role of the endocannabinoid 
system in female reproductive tissues. J Ovarian Res. 2019; 12(1): 3, 
doi: 10.1186/s13048-018-0478-9, indexed in Pubmed: 30646937.

100. Borowska M, Czarnywojtek A, Sawicka-Gutaj N, et al. [The impact of 
cannabinoids on the endocrine system]. Przegl Lek. 2016; 73(10): 781–786, 
indexed in Pubmed: 29689684.

101. du Plessis SS, Agarwal A, Syriac A. Marijuana, phytocannabinoids, 
the endocannabinoid system, and male fertility. J Assist Reprod Genet. 
2015; 32(11): 1575–1588, doi:  10.1007/s10815-015-0553-8, indexed in 
Pubmed: 26277482.

102. Dalterio S, Bartke A, Roberson C, et al. Effects of prolactin on the sensi-
tivity of the testis to LH. Biol Reprod. 1976; 15(1): 90–93, doi: 10.1095/bi-
olreprod15.1.90, indexed in Pubmed: 953116.

103. Rossato M, Ion Popa F, Ferigo M, et al. Human sperm express cannabi-
noid receptor Cb1, the activation of which inhibits motility, acrosome 
reaction, and mitochondrial function. J Clin Endocrinol Metab. 2005; 
90(2): 984–991, doi: 10.1210/jc.2004-1287, indexed in Pubmed: 15562018.

104. Morgan DJ, Muller CH, Murataeva NA, et al. D9-Tetrahydrocannabinol 
(D9-THC) attenuates mouse sperm motility and male fecundity. Br 
J Pharmacol. 2012; 165(8): 2575–2583, doi: 10.1111/j.1476-5381.2011.0150
6.x, indexed in Pubmed: 21615727.

105. Hayatbakhsh MR, Flenady VJ, Gibbons KS, et al. Birth outcomes associ-
ated with cannabis use before and during pregnancy. Pediatr Res. 2012; 
71(2): 215–219, doi: 10.1038/pr.2011.25, indexed in Pubmed: 22258135.

106. Gunn JKL, Rosales CB, Center KE, et al. Prenatal exposure to can-
nabis and maternal and child health outcomes: a systematic review 
and meta-analysis. BMJ Open. 2016; 6(4): e009986, doi: 10.1136/bmjo-
pen-2015-009986, indexed in Pubmed: 27048634.

107. Nassan FL, Arvizu M, Mínguez-Alarcón L, et al. EARTH Study Team. 
Marijuana smoking and outcomes of infertility treatment with as-
sisted reproductive technologies. Hum Reprod. 2019; 34(9): 1818–1829, 
doi: 10.1093/humrep/dez098, indexed in Pubmed: 31505640.

108. Klonoff-Cohen H, Lam-Kruglick P. Maternal and paternal recreational 
drug use and sudden infant death syndrome. Arch Pediatr Adolesc 
Med. 2001; 155(7): 765–770, doi: 10.1001/archpedi.155.7.765, indexed in 
Pubmed: 11434841.

109. Mendelson JH, Mello NK, Ellingboe J. Acute effects of marihuana smok-
ing on prolactin levels in human females. J Pharmacol Exp Ther. 1985; 
232(1): 220–222, indexed in Pubmed: 3965692.

110. Rizvi A. Hyperprolactinemia and Galactorrhea Associated With 
Marijuana Use. Endocrinologist. 2006; 16(6): 308–310, doi: 10.1097/01.
ten.0000250184.10041.9d.

111. Crume TL, Juhl AL, Brooks-Russell A, et al. Cannabis Use During 
the Perinatal Period in a State With Legalized Recreational and Medical 
Marijuana: The Association Between Maternal Characteristics, Breast-
feeding Patterns, and Neonatal Outcomes. J Pediatr. 2018; 197: 90–96, 
doi: 10.1016/j.jpeds.2018.02.005, indexed in Pubmed: 29605394.

112. Cui Na, Yang Y, Xu Y, et al. Decreased expression of fatty acid amide hy-
drolase in women with polycystic ovary syndrome. Gynecol Endocrinol. 
2017; 33(5): 368–372, doi:  10.1080/09513590.2016.1269742, indexed in 
Pubmed: 28132572.

113. Juan CC, Chen KH, Wang PH, et al. Endocannabinoid system activa-
tion may be associated with insulin resistance in women with polycystic 
ovary syndrome. Fertil Steril. 2015; 104(1): 200–206, doi: 10.1016/j.fertn-
stert.2015.03.027, indexed in Pubmed: 25935491.

114. Lammert S, Harrison K, Tosun N, et al. Menstrual Cycle in Women 
Who Co-use Marijuana and Tobacco. J Addict Med. 2018; 12(3): 207–211, 
doi: 10.1097/ADM.0000000000000387, indexed in Pubmed: 29381494.

115. Sherman BJ, Caruso MA, McRae-Clark AL. Exogenous progesterone 
for cannabis withdrawal in women: Feasibility trial of a novel mul-
timodal methodology. Pharmacol Biochem Behav. 2019; 179: 22–26, 
doi: 10.1016/j.pbb.2019.01.008, indexed in Pubmed: 30711528.

116. Schuel H, Burkman LJ, Lippes J, et al. Evidence that anandamide-sig-
naling regulates human sperm functions required for fertilization. Mol 
Reprod Dev. 2002; 63(3): 376–387, doi: 10.1002/mrd.90021, indexed in 
Pubmed: 12237954.

117. Whan LB, West MCL, McClure N, et al. Effects of delta-9-tetrahydrocan-
nabinol, the primary psychoactive cannabinoid in marijuana, on human 
sperm function in vitro. Fertil Steril. 2006; 85(3): 653–660, doi: 10.1016/j.
fertnstert.2005.08.027, indexed in Pubmed: 16500334.

118. Aquila S, Guido C, Santoro A, et al. Human sperm anatomy: ultra-
structural localization of the cannabinoid1 receptor and a potential 
role of anandamide in sperm survival and acrosome reaction. Anat 
Rec (Hoboken). 2010; 293(2): 298–309, doi: 10.1002/ar.21042, indexed in 
Pubmed: 19938110.

119. Kolodny RC, Masters WH, Kolodner RM, et al. Depression of plasma 
testosterone levels after chronic intensive marihuana use. N Engl J Med. 
1974; 290(16): 872–874, doi: 10.1056/NEJM197404182901602, indexed in 
Pubmed: 4816961.

120. Gundersen TD, Jørgensen N, Andersson AM, et al. Association 
Between Use of Marijuana and Male Reproductive Hormones 
and Semen Quality: A Study Among 1,215 Healthy Young Men. Am 
J Epidemiol. 2015; 182(6): 473–481, doi: 10.1093/aje/kwv135, indexed 
in Pubmed: 26283092.

121. Povey AC, Clyma JA, McNamee R, et al. Participating Centres 
of Chaps-UK, Participating Centres of Chaps-UK. Modifiable 
and non-modifiable risk factors for poor sperm morphology. Hum 
Reprod. 2014; 29(8): 1629–1636, doi: 10.1093/humrep/deu116, indexed 
in Pubmed: 24899128.

122. Aversa A, Rossi F, Francomano D, et al. Early endothelial dysfunction 
as a marker of vasculogenic erectile dysfunction in young habitual can-
nabis users. Int J Impot Res. 2008; 20(6): 566–573, doi: 10.1038/ijir.2008.43, 
indexed in Pubmed: 18997809.

123. Thistle JE, Graubard BI, Braunlin M, et al. Marijuana use and serum 
testosterone concentrations among U.S. males. Andrology. 2017; 5(4): 
732–738, doi: 10.1111/andr.12358, indexed in Pubmed: 28395129.

124. Lacson JC, Carroll JD, Tuazon E, et al. Population-based case-control 
study of recreational drug use and testis cancer risk confirms an as-
sociation between marijuana use and nonseminoma risk. Cancer. 2012; 
118(21): 5374–5383, doi: 10.1002/cncr.27554, indexed in Pubmed: 22965656.

125. Corbin WR, Farmer NM, Nolen-Hoekesma S. Relations among 
stress, coping strategies, coping motives, alcohol consumption 
and related problems: a mediated moderation model. Addict Behav. 
2013; 38(4): 1912–1919, doi:  10.1016/j.addbeh.2012.12.005, indexed in 
Pubmed: 23380486.

126. Rachdaoui N, Sarkar DK, Rachdaoui N, et al. Effects of alcohol on 
the endocrine system. Endocrinol Metab Clin North Am. 2013; 42(3): 
593–615, doi: 10.1016/j.ecl.2013.05.008, indexed in Pubmed: 24011889.

127. Rehm JT, Bondy SJ, Sempos CT, et al. Alcohol consumption and coro-
nary heart disease morbidity and mortality. Am J Epidemiol. 1997; 
146(6): 495–501, doi:  10.1093/oxfordjournals.aje.a009303, indexed in 
Pubmed: 9290510.

128. Edwards G, Anderson P, Babor TF, et al. Alcohol policy and the public 
good: a good public debate. Addiction. 1996; 91: 477–481.

https://www samhsa gov/data/report/2018-nsduh-detailed-tables
https://www samhsa gov/data/report/2018-nsduh-detailed-tables
https://www.who.int/substance_abuse/publications/cannabis_report/en/index10.html.
https://www.who.int/substance_abuse/publications/cannabis_report/en/index10.html.
http://dx.doi.org/10.1124/pr.110.003004
https://www.ncbi.nlm.nih.gov/pubmed/21079038
http://dx.doi.org/10.1007/978-3-030-57369-0_1
https://www.ncbi.nlm.nih.gov/pubmed/33332000
http://dx.doi.org/10.1055/s-0043-122240
https://www.ncbi.nlm.nih.gov/pubmed/29161743
http://dx.doi.org/10.1517/14656566.7.5.607
https://www.ncbi.nlm.nih.gov/pubmed/16553576
http://dx.doi.org/10.1002/jat.3831
https://www.ncbi.nlm.nih.gov/pubmed/31313338
http://dx.doi.org/10.1210/er.2006-0006
https://www.ncbi.nlm.nih.gov/pubmed/16682502
http://dx.doi.org/10.1007/s11154-021-09682-w
https://www.ncbi.nlm.nih.gov/pubmed/34460075
http://dx.doi.org/10.1016/0091-3057(90)90338-i
https://www.ncbi.nlm.nih.gov/pubmed/1964220
http://dx.doi.org/10.1159/000125604
https://www.ncbi.nlm.nih.gov/pubmed/1979838
https://www.ncbi.nlm.nih.gov/pubmed/1280829
http://dx.doi.org/10.1002/bdrb.20295
https://www.ncbi.nlm.nih.gov/pubmed/21678546
http://dx.doi.org/10.1093/humrep/dep065
https://www.ncbi.nlm.nih.gov/pubmed/19363040
http://dx.doi.org/10.1186/s13048-018-0478-9
https://www.ncbi.nlm.nih.gov/pubmed/30646937
https://www.ncbi.nlm.nih.gov/pubmed/29689684
http://dx.doi.org/10.1007/s10815-015-0553-8
https://www.ncbi.nlm.nih.gov/pubmed/26277482
http://dx.doi.org/10.1095/biolreprod15.1.90
http://dx.doi.org/10.1095/biolreprod15.1.90
https://www.ncbi.nlm.nih.gov/pubmed/953116
http://dx.doi.org/10.1210/jc.2004-1287
https://www.ncbi.nlm.nih.gov/pubmed/15562018
http://dx.doi.org/10.1111/j.1476-5381.2011.01506.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01506.x
https://www.ncbi.nlm.nih.gov/pubmed/21615727
http://dx.doi.org/10.1038/pr.2011.25
https://www.ncbi.nlm.nih.gov/pubmed/22258135
http://dx.doi.org/10.1136/bmjopen-2015-009986
http://dx.doi.org/10.1136/bmjopen-2015-009986
https://www.ncbi.nlm.nih.gov/pubmed/27048634
http://dx.doi.org/10.1093/humrep/dez098
https://www.ncbi.nlm.nih.gov/pubmed/31505640
https://www.ncbi.nlm.nih.gov/pubmed/11434841
https://www.ncbi.nlm.nih.gov/pubmed/3965692
http://dx.doi.org/10.1097/01.ten.0000250184.10041.9d
http://dx.doi.org/10.1097/01.ten.0000250184.10041.9d
http://dx.doi.org/10.1016/j.jpeds.2018.02.005
https://www.ncbi.nlm.nih.gov/pubmed/29605394
http://dx.doi.org/10.1080/09513590.2016.1269742
https://www.ncbi.nlm.nih.gov/pubmed/28132572
http://dx.doi.org/10.1016/j.fertnstert.2015.03.027
http://dx.doi.org/10.1016/j.fertnstert.2015.03.027
https://www.ncbi.nlm.nih.gov/pubmed/25935491
http://dx.doi.org/10.1097/ADM.0000000000000387
https://www.ncbi.nlm.nih.gov/pubmed/29381494
http://dx.doi.org/10.1016/j.pbb.2019.01.008
https://www.ncbi.nlm.nih.gov/pubmed/30711528
http://dx.doi.org/10.1002/mrd.90021
https://www.ncbi.nlm.nih.gov/pubmed/12237954
http://dx.doi.org/10.1016/j.fertnstert.2005.08.027
http://dx.doi.org/10.1016/j.fertnstert.2005.08.027
http://dx.doi.org/10.1002/ar.21042
https://www.ncbi.nlm.nih.gov/pubmed/19938110
http://dx.doi.org/10.1056/NEJM197404182901602
https://www.ncbi.nlm.nih.gov/pubmed/4816961
http://dx.doi.org/10.1093/aje/kwv135
https://www.ncbi.nlm.nih.gov/pubmed/26283092
http://dx.doi.org/10.1093/humrep/deu116
https://www.ncbi.nlm.nih.gov/pubmed/24899128
http://dx.doi.org/10.1038/ijir.2008.43
https://www.ncbi.nlm.nih.gov/pubmed/18997809
http://dx.doi.org/10.1111/andr.12358
https://www.ncbi.nlm.nih.gov/pubmed/28395129
http://dx.doi.org/10.1002/cncr.27554
https://www.ncbi.nlm.nih.gov/pubmed/22965656
http://dx.doi.org/10.1016/j.addbeh.2012.12.005
https://www.ncbi.nlm.nih.gov/pubmed/23380486
http://dx.doi.org/10.1016/j.ecl.2013.05.008
https://www.ncbi.nlm.nih.gov/pubmed/24011889
http://dx.doi.org/10.1093/oxfordjournals.aje.a009303
https://www.ncbi.nlm.nih.gov/pubmed/9290510


232

The role of stimulants in reproductive disruption Agata Czarnywojtek et al.

R
EV

IE
W

129. Emanuele N, Emanuele MA. The endocrine system: alcohol alters 
critical hormonal balance. Alcohol Health Res World. 1997; 21(1): 53–64, 
indexed in Pubmed: 15706763.

130. Rivier C, Lee S. Acute alcohol administration stimulates the activity of hy-
pothalamic neurons that express corticotropin-releasing factor and va-
sopressin. Brain Res. 1996; 726(1-2): 1–10, indexed in Pubmed: 8836539.

131. Rivier C, Bruhn T, Vale W. Effect of ethanol on the hypothalamic-pitu-
itary-adrenal axis in the rat: role of corticotropin-releasing factor (CRF). 
J Pharmacol Exp Ther. 1984; 229: 127–131.

132. Ogilvie KM, Lee S, Rivier C. Role of arginine vasopressin 
and corticotropin-releasing factor in mediating alcohol-induced 
adrenocorticotropin and vasopressin secretion in male rats bearing 
lesions of the paraventricular nuclei. Brain Res. 1997; 744(1): 83–95, 
doi: 10.1016/s0006-8993(96)01082-7, indexed in Pubmed: 9030416.

133. Richardson HN, Lee SY, O’Dell LE, et al. Alcohol self-administration 
acutely stimulates the hypothalamic-pituitary-adrenal axis, but alcohol 
dependence leads to a dampened neuroendocrine state. Eur J Neurosci. 
2008; 28(8): 1641–1653, doi: 10.1111/j.1460-9568.2008.06455.x, indexed in 
Pubmed: 18979677.

134. Rasmussen DD, Sarkar DK, Roberts JL, et al. Chronic daily ethanol 
and withdrawal: 1. Long-term changes in the hypothalamo-pituitary-ad-
renal axis. Alcohol Clin Exp Res. 2000; 24(12): 1836–1849, indexed in 
Pubmed: 11141043.

135. Sarnyai Z, Shaham Y, Heinrichs SC. The role of corticotropin-releasing 
factor in drug addiction. Pharmacol Rev. 2001; 53(2): 209–243, indexed 
in Pubmed: 11356984.

136. Olive MF, Mehmert KK, Koenig HN, et al. A role for corticotropin releas-
ing factor (CRF) in ethanol consumption, sensitivity, and reward as re-
vealed by CRF-deficient mice. Psychopharmacology (Berl). 2003; 165(2): 
181–187, doi: 10.1007/s00213-002-1248-2, indexed in Pubmed: 12397512.

137. Sillaber I, Rammes G, Zimmermann S, et al. Enhanced and delayed 
stress-induced alcohol drinking in mice lacking functional CRH1 re-
ceptors. Science. 2002; 296(5569): 931–933, doi: 10.1126/science.1069836, 
indexed in Pubmed: 11988580.

138. Jenkins JS, Connolly J. Adrenocortical response to ethanol in man. Br 
Med J. 1968; 2(5608): 804–805, doi: 10.1136/bmj.2.5608.804, indexed in 
Pubmed: 5656299.

139. Thayer JF, Hall M, Sollers JJ, et al. Alcohol use, urinary cortisol, and heart 
rate variability in apparently healthy men: Evidence for impaired in-
hibitory control of the HPA axis in heavy drinkers. Int J Psychophysiol. 
2006; 59(3): 244–250, doi:  10.1016/j.ijpsycho.2005.10.013, indexed in 
Pubmed: 16325293.

140. Wand GS, Mangold D, Ali M, et al. Adrenocortical responses and fam-
ily history of alcoholism. Alcohol Clin Exp Res. 1999; 23(7): 1185–1190, 
indexed in Pubmed: 10443984.

141. Schuckit MA, Duthie LA, Mahler HI, et al. Subjective responses to alcohol 
in sons of alcoholics and control subjects. Arch Gen Psychiatry. 1984; 
41(9): 879–884, doi: 10.1001/archpsyc.1984.01790200061008, indexed in 
Pubmed: 6466047.

142. Gianoulakis C. Influence of the endogenous opioid system on high alco-
hol consumption and genetic predisposition to alcoholism. J Psychiatry 
Neurosci. 2001; 26(4): 304–318, indexed in Pubmed: 11590970.

143. Patrelli TS, Gizzo S, Franchi L, et al. A prospective, case-control study 
on the lipid profile and the cardiovascular risk of menopausal women 
on oestrogen plus progestogen therapy in a northern Italy province. 
Arch Gynecol Obstet. 2013; 288(1): 91–97, doi: 10.1007/s00404-012-2702-y, 
indexed in Pubmed: 23287887.

144. Ackermann S, Spalek K, Rasch B, et al. Testosterone levels 
in healthy men are related to amygdala reactivity and memory perfor-
mance. Psychoneuroendocrinology. 2012; 37(9): 1417–1424, doi: 10.1016/j.
psyneuen.2012.01.008, indexed in Pubmed: 22341731.

145. Block GD, Yamamoto ME, Mallick A. Effects on pubertal hormones 
by ethanol abuse in adolescents. Alcohol: Clin Exp Res. 1993; 17: 505.

146. Diamond F, Ringenberg L, MacDonald D, et al. Effects of drug and alco-
hol abuse upon pituitary-testicular function in adolescent males. J Ado-
lesc Health Care. 1986; 7(1): 28–33, doi: 10.1016/s0197-0070(86)80091-2, 
indexed in Pubmed: 2935515.

147. Dees WL, Skelley CW. Effects of ethanol during the onset of female 
puberty. Neuroendocrinology. 1990; 51(1): 64–69, doi: 10.1159/000125317, 
indexed in Pubmed: 2106089.

148. Hiney JK, Dees WL. Ethanol inhibits luteinizing hormone-releasing hor-
mone release from the median eminence of prepubertal female rats in vi-
tro: investigation of its actions on norepinephrine and prostaglandin-E2. 
Endocrinology. 1991; 128(3): 1404–1408, doi: 10.1210/endo-128-3-1404, 
indexed in Pubmed: 1999162.

149. Dees WL, Srivastava V, Hiney JK. Actions and interactions of alcohol 
and insulin-like growth factor-1 on female pubertal development. 
Alcohol Clin Exp Res. 2009; 33(11): 1847–1856, doi: 10.1111/j.1530-0277.
2009.01041.x, indexed in Pubmed: 19719789.

150. Dees WL, Dissen GA, Hiney JK, et al. Alcohol ingestion inhibits 
the increased secretion of puberty-related hormones in the develop-

ing female rhesus monkey. Endocrinology. 2000; 141(4): 1325–1331, 
doi: 10.1210/endo.141.4.7413, indexed in Pubmed: 10746635.

151. Jensen TK, Hjollund NH, Henriksen TB, et al. Does moderate alcohol con-
sumption affect fertility? Follow up study among couples planning first 
pregnancy. BMJ. 1998; 317(7157): 505–510, doi: 10.1136/bmj.317.7157.505, 
indexed in Pubmed: 9712595.

152. Mendelson JH, Lukas SE, Mello NK, et al. Acute alcohol effects on 
plasma estradiol levels in women. Psychopharmacology (Berl). 1988; 
94(4): 464–467, doi: 10.1007/BF00212838, indexed in Pubmed: 3131791.

153. Mendelson JH, Mello NK. Chronic alcohol effects on anterior pituitary 
and ovarian hormones in healthy women. J Pharmacol Exp Ther. 1988; 
245(2): 407–412, indexed in Pubmed: 3367299.

154. Li Na, Fu S, Zhu F, et al. Alcohol intake induces diminished ovar-
ian reserve in childbearing age women. J Obstet Gynaecol Res. 
2013; 39(2): 516–521, doi:  10.1111/j.1447-0756.2012.01992.x, indexed in 
Pubmed: 23002912.

155. Faut M, Rodríguez de Castro C, Bietto FM, et al. Metabolism of ethanol 
to acetaldehyde and increased susceptibility to oxidative stress could 
play a role in the ovarian tissue cell injury promoted by alcohol drinking. 
Toxicol Ind Health. 2009; 25(8): 525–538, doi: 10.1177/0748233709345937, 
indexed in Pubmed: 19825859.

156. Longnecker MP, Tseng M. Alcohol, hormones, and postmenopausal 
women. Alcohol Health Res World. 1998; 22(3): 185–189, indexed in 
Pubmed: 15706794.

157. Muthusami KR, Chinnaswamy P. Effect of chronic alcoholism on male 
fertility hormones and semen quality. Fertil Steril. 2005; 84(4): 919–924, 
doi: 10.1016/j.fertnstert.2005.04.025, indexed in Pubmed: 16213844.

158. Martínez-Riera A, Santolaria-Fernández F, González Reimers E, et al. 
Alcoholic hypogonadism: hormonal response to clomiphene. Alcohol. 
1995; 12(6): 581–587, doi:  10.1016/0741-8329(95)02006-3, indexed in 
Pubmed: 8590623.

159. Ren JC, Zhu Q, Lapaglia N, et al. Ethanol-induced alterations in Rab pro-
teins: possible implications for pituitary dysfunction. Alcohol. 2005; 35(2): 
103–112, doi: 10.1016/j.alcohol.2005.03.004, indexed in Pubmed: 15963423.

160. Ren JC, Banan A, Keshavarzian A, et al. Exposure to ethanol induces 
oxidative damage in the pituitary gland. Alcohol. 2005; 35(2): 91–101, 
doi: 10.1016/j.alcohol.2005.03.005, indexed in Pubmed: 15963422.

161. Mello NK, Mendelson JH, Bree MP, et al. Alcohol effects on nalox-
one-stimulated luteinizing hormone, follicle-stimulating hormone 
and prolactin plasma levels in female rhesus monkeys. J Pharmacol Exp 
Ther. 1988; 245(3): 895–904, indexed in Pubmed: 3133465.

162. Mello NK, Bree MP, Mendelson JH, et al. Alcohol self-administration 
disrupts reproductive function in female macaque monkeys. Science. 
1983; 221(4611): 677–679, doi:  10.1126/science.6867739, indexed in 
Pubmed: 6867739.

163. De A, Boyadjieva N, Oomizu S, et al. Ethanol induces hyperprolac-
tinemia by increasing prolactin release and lactotrope growth in female 
rats. Alcohol Clin Exp Res. 2002; 26(9): 1420–1429, doi:  10.1097/01.
ALC.0000030621.35354.E0, indexed in Pubmed: 12351938.

164. DE A, Boyadjieva N, Pastorcic M, et al. Potentiation of the mitogenic 
effect of estrogen on the pituitary-gland by alcohol-consumption. 
Int J Oncol. 1995; 7(3): 643–648, doi:  10.3892/ijo.7.3.643, indexed in 
Pubmed: 21552885.

165. Ricci E, Viganò P, Cipriani S, et al. Coffee and caffeine intake 
and male infertility: a systematic review. Nutr J. 2017; 16(1): 37, 
doi: 10.1186/s12937-017-0257-2, indexed in Pubmed: 28646871.

166. Silva MN, Gregório MJ, Santos R, et al. Towards an In-Depth Under-
standing of Physical Activity and Eating Behaviours during COVID-19 
Social Confinement: A Combined Approach from a Portuguese Na-
tional Survey. Nutrients. 2021; 13(8), doi: 10.3390/nu13082685, indexed 
in Pubmed: 34444845.

167. Salman A, Sigodo KO, Al-Ghadban F, et al. Effects of COVID-19 
Lockdown on Physical Activity and Dietary Behaviors in Kuwait: 
A Cross-Sectional Study. Nutrients. 2021; 13(7), doi: 10.3390/nu13072252, 
indexed in Pubmed: 34208807.

168. Horak S, Polanska J, Widlak P. Bulky DNA adducts in human sperm: re-
lationship with fertility, semen quality, smoking, and environmental fac-
tors. Mutat Res. 2003; 537(1): 53–65, doi: 10.1016/s1383-5718(03)00051-2, 
indexed in Pubmed: 12742507.

169. Jensen TK, Swan SH, Skakkebaek NE, et al. Caffeine intake and semen 
quality in a population of 2,554 young Danish men. Am J Epidemiol. 2010; 
171(8): 883–891, doi: 10.1093/aje/kwq007, indexed in Pubmed: 20338976.

170. Rivera-Calimlim L, Rivera-calimlim L. Drugs in breast milk. Drug Ther 
(NY). 1977; 7(12): 59–63, indexed in Pubmed: 12336945.

171. Bailey DN, Weibert RT, Naylor AJ, et al. A study of salicylate and caffeine 
excretion in the breast milk of two nursing mothers. J Anal Toxicol. 1982; 
6(2): 64–68, doi: 10.1093/jat/6.2.64, indexed in Pubmed: 7098450.

172. Rustin J. Caffeine and babies. BMJ. 1989; 299(6691): 121–121, 
doi: 10.1136/bmj.299.6691.121-b.

173. Santos IS, Matijasevich A, Domingues MR. Maternal caffeine con-
sumption and infant nighttime waking: prospective cohort study. 

https://www.ncbi.nlm.nih.gov/pubmed/15706763
https://www.ncbi.nlm.nih.gov/pubmed/8836539
http://dx.doi.org/10.1016/s0006-8993(96)01082-7
https://www.ncbi.nlm.nih.gov/pubmed/9030416
http://dx.doi.org/10.1111/j.1460-9568.2008.06455.x
https://www.ncbi.nlm.nih.gov/pubmed/18979677
https://www.ncbi.nlm.nih.gov/pubmed/11141043
https://www.ncbi.nlm.nih.gov/pubmed/11356984
http://dx.doi.org/10.1007/s00213-002-1248-2
https://www.ncbi.nlm.nih.gov/pubmed/12397512
http://dx.doi.org/10.1126/science.1069836
https://www.ncbi.nlm.nih.gov/pubmed/11988580
http://dx.doi.org/10.1136/bmj.2.5608.804
https://www.ncbi.nlm.nih.gov/pubmed/5656299
http://dx.doi.org/10.1016/j.ijpsycho.2005.10.013
https://www.ncbi.nlm.nih.gov/pubmed/16325293
https://www.ncbi.nlm.nih.gov/pubmed/10443984
http://dx.doi.org/10.1001/archpsyc.1984.01790200061008
https://www.ncbi.nlm.nih.gov/pubmed/6466047
https://www.ncbi.nlm.nih.gov/pubmed/11590970
http://dx.doi.org/10.1007/s00404-012-2702-y
https://www.ncbi.nlm.nih.gov/pubmed/23287887
http://dx.doi.org/10.1016/j.psyneuen.2012.01.008
http://dx.doi.org/10.1016/j.psyneuen.2012.01.008
https://www.ncbi.nlm.nih.gov/pubmed/22341731
http://dx.doi.org/10.1016/s0197-0070(86)80091-2
https://www.ncbi.nlm.nih.gov/pubmed/2935515
http://dx.doi.org/10.1159/000125317
https://www.ncbi.nlm.nih.gov/pubmed/2106089
http://dx.doi.org/10.1210/endo-128-3-1404
https://www.ncbi.nlm.nih.gov/pubmed/1999162
http://dx.doi.org/10.1111/j.1530-0277.2009.01041.x
http://dx.doi.org/10.1111/j.1530-0277.2009.01041.x
https://www.ncbi.nlm.nih.gov/pubmed/19719789
http://dx.doi.org/10.1210/endo.141.4.7413
https://www.ncbi.nlm.nih.gov/pubmed/10746635
http://dx.doi.org/10.1136/bmj.317.7157.505
https://www.ncbi.nlm.nih.gov/pubmed/9712595
http://dx.doi.org/10.1007/BF00212838
https://www.ncbi.nlm.nih.gov/pubmed/3131791
https://www.ncbi.nlm.nih.gov/pubmed/3367299
http://dx.doi.org/10.1111/j.1447-0756.2012.01992.x
https://www.ncbi.nlm.nih.gov/pubmed/23002912
http://dx.doi.org/10.1177/0748233709345937
https://www.ncbi.nlm.nih.gov/pubmed/19825859
https://www.ncbi.nlm.nih.gov/pubmed/15706794
https://www.ncbi.nlm.nih.gov/pubmed/16213844
http://dx.doi.org/10.1016/0741-8329(95)02006-3
https://www.ncbi.nlm.nih.gov/pubmed/8590623
https://www.ncbi.nlm.nih.gov/pubmed/15963423
http://dx.doi.org/10.1016/j.alcohol.2005.03.005
https://www.ncbi.nlm.nih.gov/pubmed/15963422
https://www.ncbi.nlm.nih.gov/pubmed/3133465
http://dx.doi.org/10.1126/science.6867739
https://www.ncbi.nlm.nih.gov/pubmed/6867739
http://dx.doi.org/10.1097/01.ALC.0000030621.35354.E0
http://dx.doi.org/10.1097/01.ALC.0000030621.35354.E0
https://www.ncbi.nlm.nih.gov/pubmed/12351938
http://dx.doi.org/10.3892/ijo.7.3.643
https://www.ncbi.nlm.nih.gov/pubmed/21552885
http://dx.doi.org/10.1186/s12937-017-0257-2
https://www.ncbi.nlm.nih.gov/pubmed/28646871
http://dx.doi.org/10.3390/nu13082685
https://www.ncbi.nlm.nih.gov/pubmed/34444845
https://www.ncbi.nlm.nih.gov/pubmed/34208807
http://dx.doi.org/10.1016/s1383-5718(03)00051-2
https://www.ncbi.nlm.nih.gov/pubmed/12742507
http://dx.doi.org/10.1093/aje/kwq007
https://www.ncbi.nlm.nih.gov/pubmed/20338976
https://www.ncbi.nlm.nih.gov/pubmed/12336945
http://dx.doi.org/10.1093/jat/6.2.64
https://www.ncbi.nlm.nih.gov/pubmed/7098450
http://dx.doi.org/10.1136/bmj.299.6691.121-b


233

Endokrynologia Polska 2023; 74 (3)

R
EV

IE
W

Pediatrics. 2012; 129(5): 860–868, doi: 10.1542/peds.2011-1773, indexed 
in Pubmed: 22473365.

174. Muñoz LM, Lönnerdal B, Keen CL, et al. Coffee consumption as a factor 
in iron deficiency anemia among pregnant women and their infants in 
Costa Rica. Am J Clin Nutr. 1988; 48(3): 645–651, doi: 10.1093/ajcn/48.3.645, 
indexed in Pubmed: 3414579.

175. Olechno E, Puścion-Jakubik A, Socha K, et al. Coffee Brews: Are They 
a Source of Macroelements in Human Nutrition? Foods. 2021; 10(6), 
doi: 10.3390/foods10061328, indexed in Pubmed: 34207680.

176. Czarnywojtek A, Jaz K, Ochmańska A, et al. The effect of endocrine 
disruptors on the reproductive system - current knowledge. Eur 
Rev Med Pharmacol Sci. 2021; 25(15): 4930–4940, doi:  10.26355/eur-
rev_202108_26450, indexed in Pubmed: 34355365.

177. Mitro SD, Johnson T, Zota AR. Cumulative Chemical Exposures 
During Pregnancy and Early Development. Curr Environ Health 
Rep. 2015; 2(4): 367–378, doi:  10.1007/s40572-015-0064-x, indexed in 
Pubmed: 26341623.

178. Schug TT, Janesick A, Blumberg B, et al. Endocrine disrupting chemicals 
and disease susceptibility. J Steroid Biochem Mol Biol. 2011; 127(3-5): 
204–215, doi: 10.1016/j.jsbmb.2011.08.007, indexed in Pubmed: 21899826.

179. Bigsby R, Chapin RE, Daston GP, et al. Evaluating the effects of 
endocrine disruptors on endocrine function during development. 
Environ Health Perspect. 1999; 107 Suppl 4(Suppl 4): 613–618, 
doi: 10.1289/ehp.99107s4613, indexed in Pubmed: 10421771.

180. Tracey R, Manikkam M, Guerrero-Bosagna C, et al. Hydrocarbons 
(jet fuel JP-8) induce epigenetic transgenerational inheritance of 
obesity, reproductive disease and sperm epimutations. Reprod Toxi-

col. 2013; 36: 104–116, doi:  10.1016/j.reprotox.2012.11.011, indexed in 
Pubmed: 23453003.

181. Guerrero-Bosagna C, Covert TR, Haque MdM, et al. Epigenetic trans-
generational inheritance of vinclozolin induced mouse adult onset 
disease and associated sperm epigenome biomarkers. Reprod Toxicol. 
2012; 34(4): 694–707, doi:  10.1016/j.reprotox.2012.09.005, indexed in 
Pubmed: 23041264.

182. Nilsson E, Larsen G, Manikkam M, et al. Environmentally induced 
epigenetic transgenerational inheritance of ovarian disease. PLoS 
One. 2012; 7(5): e36129, doi: 10.1371/journal.pone.0036129, indexed in 
Pubmed: 22570695.

183. Hughes EG, Lamont DA, Beecroft ML, et al. Randomized trial of 
a “stage-of-change” oriented smoking cessation intervention in 
infertile and pregnant women. Fertil Steril. 2000; 74(3): 498–503, 
doi: 10.1016/s0015-0282(00)00687-7, indexed in Pubmed: 10973645.

184. Orzabal M, Ramadoss J. Impact of Electronic Cigarette Aerosols on 
Pregnancy and Early Development. Curr Opin Toxicol. 2019; 14: 14–20, 
doi: 10.1016/j.cotox.2019.05.001, indexed in Pubmed: 31214660.

185. Bhandari NR, Day KD, Payakachat N, et al. Use and Risk Perception of 
Electronic Nicotine Delivery Systems and Tobacco in Pregnancy. Wom-
ens Health Issues. 2018; 28(3): 251–257, doi: 10.1016/j.whi.2018.02.005, 
indexed in Pubmed: 29588116.

186. Lee HW, Park SH, Weng MW, et al. E-cigarette smoke damages DNA 
and reduces repair activity in mouse lung, heart, and bladder as 
well as in human lung and bladder cells. Proc Natl Acad Sci U S A. 
2018; 115(7): E1560–E1569, doi:  10.1073/pnas.1718185115, indexed in 
Pubmed: 29378943.

http://dx.doi.org/10.1542/peds.2011-1773
https://www.ncbi.nlm.nih.gov/pubmed/22473365
http://dx.doi.org/10.1093/ajcn/48.3.645
https://www.ncbi.nlm.nih.gov/pubmed/3414579
http://dx.doi.org/10.3390/foods10061328
https://www.ncbi.nlm.nih.gov/pubmed/34207680
https://www.ncbi.nlm.nih.gov/pubmed/34355365
http://dx.doi.org/10.1007/s40572-015-0064-x
https://www.ncbi.nlm.nih.gov/pubmed/26341623
http://dx.doi.org/10.1016/j.jsbmb.2011.08.007
https://www.ncbi.nlm.nih.gov/pubmed/21899826
http://dx.doi.org/10.1289/ehp.99107s4613
https://www.ncbi.nlm.nih.gov/pubmed/10421771
http://dx.doi.org/10.1016/j.reprotox.2012.11.011
https://www.ncbi.nlm.nih.gov/pubmed/23453003
http://dx.doi.org/10.1016/j.reprotox.2012.09.005
https://www.ncbi.nlm.nih.gov/pubmed/23041264
http://dx.doi.org/10.1371/journal.pone.0036129
https://www.ncbi.nlm.nih.gov/pubmed/22570695
http://dx.doi.org/10.1016/s0015-0282(00)00687-7
https://www.ncbi.nlm.nih.gov/pubmed/10973645
http://dx.doi.org/10.1016/j.cotox.2019.05.001
http://dx.doi.org/10.1016/j.whi.2018.02.005
https://www.ncbi.nlm.nih.gov/pubmed/29588116
http://dx.doi.org/10.1073/pnas.1718185115
https://www.ncbi.nlm.nih.gov/pubmed/29378943

	_Hlk97197496
	_Hlk102472978
	_Hlk102487427
	_Hlk102583853
	_Hlk102592531
	_Hlk102584597
	_Hlk102582489
	_Hlk102490832
	_Hlk102413797
	_Hlk102582596
	_Hlk102584357
	_Hlk102497347
	_Hlk102497969
	_Hlk102500172
	_Hlk97198860
	_Hlk102410935
	_Hlk102505054
	_Hlk102507882
	_Hlk102509770

