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Abstract

Background: Global fertility rates and sperm counts have been declining significantly over recent decades, raising concerns about human reproductive health.
This decline is multifactorial, involving lifestyle dysregulation, exposure to environmental pollutants, and endocrine-disrupting chemicals (EDCs).
Objectives: This review aims to elucidate the interconnected roles of lifestyle factors, environmental toxicants, and EDCs in contributing to reproductive
dysfunction. It also explores current preventive strategies and highlights the need for multidisciplinary interventions.

Materials and Methods: A comprehensive literature survey of epidemiological studies, meta-analyses, and mechanistic research was conducted to synthesize
evidence on fertility decline and sperm count reduction globally.

Results: Lifestyle factors such as poor diet, obesity, smoking, and stress disrupt hormonal balance and gamete quality. Environmental pollutants including
heavy metals, air particulates, and pesticides cause reproductive toxicity through oxidative stress and DNA damage. EDCs interfere with hormonal signaling
and induce epigenetic modifications affecting fertility. Regulatory frameworks and lifestyle interventions show promise in mitigating these effects, but further
research and global collaboration are urgently needed.

Conclusion: The fertility crisis reflects a complex interplay of modifiable and non-modifiable factors. Multidisciplinary efforts encompassing public health
policies, individual lifestyle changes, and advanced research are critical to preserving reproductive health worldwide.
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rates and sperm quality. A widely cited meta-analysis by
Levine et al. (2017) reported a 52.4% decrease in sperm
Infertility is clinically defined by the World Health  concentration and a 59.3% decrease in total sperm count
Organization (WHO) as the failure to achieve a pregnancy  among men from North America, Europe, Australia, and New
after 12 months or more of regular unprotected sexual  zegland between 1973 and 2011. More recent studies
intercourse (World Health Organization [WHO], 2021). It ontinue to support this trend, indicating that male
affects both males and females and is recognized as a global  reproductive health is deteriorating at an alarming rate

public health issue with significant medical, psychological,  (Barhotin et al., 2022). Simultaneously, global fertility rates
and socioeconomic impacts. Male infertility, in partlc_ular_, is have dropped below replacement levels in over half of all
often underdiagnosed and underreported despite contributing  countries, driven by a complex interplay of biological,

to approximately 40-50% of all infertility cases (Agarwal et environmental, and behavioral factors (UNFPA, 2023).
al., 2021).

1. Introduction

The implications of declining reproductive capacity

~ Over the past few decades, mounting epidemiological  extend far beyond individual couples. At the population level,
evidence has revealed a disturbing global decline in fertility
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reduced fertility contributes to aging demographics,
increased burden on healthcare systems, and long-term socio-
economic instability. From a public health perspective, this
trend underscores the need for urgent preventive strategies,
enhanced reproductive health services, and robust
environmental health regulations (Skakkebaek et al., 2022).

This review aims to explore and synthesize current
scientific evidence on the multifactorial causes of global
fertility decline, with a particular emphasis on the
interconnected roles of lifestyle dysregulation, environmental
pollutants, and endocrine-disrupting chemicals (EDCs). By
elucidating these relationships, we aim to promote an
integrative understanding of human reproductive dysfunction
and highlight key avenues for public health intervention and
future research.

2. Epidemiological Trends in Fertility and Sperm
Count Decline

2.1. A. Global and regional infertility rates

Infertility is a growing global health concern that affects
approximately 15% of reproductive-aged couples worldwide,
with regional variations influenced by socio-economic status,
environmental exposures, and healthcare access (WHO,
2021). According to the Global Burden of Disease Study,
infertility affects 48 million couples globally, with male
factors solely or partially responsible in nearly 50% of cases
(Sunetal.,, 2019).

The table below summarizes recent estimates of infertility
prevalence across different regions:

Table 1: Regional prevalence of infertility (Primary +
Secondary)

Region Female Male Source
Infertility Infertility
(%) (%)
Sub- 11-21 9-13 Mascarenhas
Saharan etal., 2012
Africa
South 8-10 9-12 Dyer & Patel,
Asia 2012
Europe 12-16 10-15 Inhorn &
Patrizio, 2015
North 10-13 9-12 CDC, 2021
America
Middle 13-22 11-18 Ombelet, 2011
East
Regional variation in infertility is exacerbated by

underreporting, limited diagnostic facilities, cultural stigmas,
and differing definitions of infertility.

2.2. Meta-analyses and longitudinal trends in sperm count

A seminal meta-analysis by Levine et al. (2017) reported a
59.3% decline in total sperm count and a 52.4% decline in
sperm concentration among men from Western countries
between 1973 and 2011, even after controlling for

confounders like age and abstinence time. This trend has been
further confirmed in subsequent global analyses (Barbotin et
al., 2022; Levine et al., 2023).

Table 2: Summary of key meta-analyses on sperm decline

Study Time Population Key Findings
Frame | Studied
Levineet | 1973- Men from ~59% decline
al. (2017) | 2011 North in total sperm
America, count
Europe, ANZ
Barbotin 1973~ Global Sperm quality
etal. 2018 population decline
(2022) observed across
regions
Levineet | 2011- Global Accelerating
al. (2023) | 2018 updated decline in
cohort sperm
concentration

The 2023 follow-up by Levine et al. indicates that sperm
count decline may be accelerating in recent years, particularly
in regions previously considered unaffected, including parts
of Asia, Africa, and South America.

2.3. Reproductive health disparities across socio-economic
and geographic lines

Reproductive health is deeply influenced by socioeconomic
determinants such as education, income, occupation, and
access to reproductive healthcare. Studies reveal that lower-
income populations and marginalized communities face
disproportionate infertility risks due to greater exposure to
environmental toxins, poor nutrition, and limited medical
access (Inhorn & Patrizio, 2015; WHO, 2021).

Moreover, occupational exposure to heat, chemicals, and
heavy metals—more common among industrial and
agricultural laborers—has been linked to poorer semen
quality and lower fertility (Jurewicz et al., 2018).
Urbanization also plays a significant role: urban residents are
more exposed to air pollution, endocrine disruptors, and
stressful lifestyles, further compounding reproductive
dysfunction.

Table 3: Socioeconomic factors influencing fertility
outcomes

Socioeconomic Impact on Fertility Example

Factor Reference
Poor nutrition, toxic

Low income exposure, late Inho_rr_1 &

' Patrizio, 2015

treatment

Limited Delayed diagnosis,

healthcare inadequate ART WHO, 2021

access availability

Occupational Exposure to heat, Jurewicz et al.,

hazards solvents, pesticides | 2018

Urban living High poIIu'gion, Skakkebaek et
sedentary lifestyle al., 2022
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These disparities necessitate tailored policy interventions that
address both environmental justice and healthcare equity in
reproductive medicine.

3. Lifestyle Factors Contributing to Fertility Decline

Lifestyle behaviors have a profound impact on reproductive
health, influencing gametogenesis, hormonal balance, and
overall fertility potential. This section explores the roles of
dietary habits, physical inactivity, substance abuse, and
psychosocial stressors in compromising male and female
fertility.

3.1. Diet and nutritional imbalance

Modern dietary patterns characterized by high intake of
saturated fats, refined sugars, and processed foods contribute
to systemic inflammation, insulin resistance, and hormonal
dysregulation. These changes can impair ovulatory function
in women and reduce sperm quality in men (Salas-Huetos et
al., 2017).

Micronutrient deficiencies—particularly zinc, folate,
and  selenium—are closely linked to impaired
spermatogenesis, increased oxidative stress, and reduced
oocyte quality (Agarwal et al., 2018). Zinc, for example, is
essential for testosterone production and sperm chromatin
stability.

Table 4: Nutritional risk factors and their impact on fertility

Table 5: Impact of obesity and inactivity on reproductive
health

Factor Mechanism of Gender | References
Infertility Affected

Obesity Leptin resistance, | Both Silvestris et
insulin resistance al., 2018

Sedentary | Impaired insulin Both Martini et

lifestyle sensitivity, low al., 2022
SHBG

Visceral Estrogen Male Hammiche

fat dominance, HPG etal., 2012
axis disruption

3.3. Smoking, alcohol, and substance abuse

Tobacco smoke, alcohol, and recreational drugs have direct
gonadotoxic effects. Cigarette smoke contains cadmium and
polycyclic aromatic hydrocarbons that damage DNA and
increase reactive oxygen species (ROS), leading to sperm
DNA fragmentation and anovulation (Ramlau-Hansen et al.,
2007; Augood et al., 1998).

Alcohol disrupts hormone levels, impairs
spermatogenesis, and is linked to menstrual irregularities.
Cannabis and anabolic steroid use can further reduce fertility
by affecting gonadotropin secretion and testicular function
(Gundersen et al., 2015).

Table 6: Substance use and reproductive outcomes

Nutrient/Dietary | Reproductive
References
Factor Impact
High-fat, high- 'mpl"’"r.e‘j Salas-Huetos
sugar diet ovulation, poor etal., 2017
sperm morphology !
Sperm DNA
Zinc deficiency damage, decreased Fallah etal,
2018
testosterone
Neural tube Gaskins et al
Folate deficiency | defects, poor "
. 2014
oocyte maturation
Selenium Re(_jucgd Mistry et al.,
o antioxidant
deficiency o 2012
capacity in semen

3.2. Physical inactivity and obesity

Physical inactivity and obesity are increasingly prevalent and
are linked to subfertility through hormonal disruption,
oxidative stress, and inflammatory cytokine elevation
(Martini et al., 2022). Obesity in women is associated with
anovulation and polycystic ovarian syndrome (PCOS), while
obese men often exhibit hypogonadism, reduced libido, and
impaired sperm quality.

Excess adipose tissue converts androgens to estrogens
via aromatase, leading to hormonal imbalances that disrupt
the hypothalamic-pituitary-gonadal (HPG) axis (Pasquali et
al., 2007).

Substanc . Effect on Reference
Mechanism o
e Fertility S
Cigarette fﬁgsrﬁeg::laﬁo #ngirtm Sharma et
smoke g Y. al., 2016
n anovulation
. | Sperm .
Alcohol E_ndocr_me concentration Ricci etal.,
disruption 2017
, amenorrhea
Inhibits
. | LH, FSH, Gundersen
Cannabis | GnRH testosterone etal., 2015
release
Anabolic Negative Azo_ospermla, Rahnema
steroids feedbacl_< on testicular etal. 2014
HPG axis atrophy B

3.4. Psychological stress and sleep disorders

Chronic psychological stress impairs fertility via activation
of the hypothalamic-pituitary-adrenal (HPA) axis, resulting
in elevated cortisol, which negatively impacts gonadotropin-
releasing hormone (GnRH) and downstream sex hormone
production (Rivier & Rivest, 1991).

Sleep deprivation further exacerbates reproductive
dysfunction through altered melatonin and cortisol levels.
Both short (<6 hours) and long (>9 hours) sleep durations are
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associated with menstrual disturbances and low testosterone
levels in men (Liu et al., 2018; Kalmbach et al., 2015).

Table 7: Stress and sleep disorders in fertility impairment

Factor Physmloglca Fertility Reference
| Disruption | Impact S
HPA axis .
Chronic activation, | Irregular R!Vler &
cycles, poor Rivest,
stress GnRH, 1 sperm qualit 1991
cortisol perm quality
Melatonin Hormonal
Sleep - imbal . |
deprivatio suppression, imbalance, Liuetal.,
0 circadian ovulatory 2018
disruption failure
Reduced
Sleep >9 reproductive | Hypogonadis | Kalmbach
hrs hormone m etal., 2015
synthesis

4. Environmental Pollutants and Reproductive
Toxicity
Environmental pollutants are critical contributors to
declining fertility worldwide. Exposure to heavy metals, air
pollution, and agricultural chemicals disrupts reproductive
function by inducing oxidative stress, DNA damage, and
endocrine interference. This section examines the
toxicological mechanisms and epidemiological evidence
linking these pollutants to reproductive dysfunction.

4.1. Heavy metals (Lead, Cadmium, Mercury)

Heavy metals are pervasive environmental contaminants with
well-documented gametotoxic effects. Lead, cadmium, and
mercury accumulate in reproductive tissues, causing
oxidative damage, mitochondrial dysfunction, and apoptosis
in germ cells (Salian et al., 2009).

Table 8: Heavy metals and reproductive toxicity

Heavy Mechanism of | Reproductive | Referenc
Metal Toxicity Effects es
Oxidative ! Sperm Salian eF
.o | al., 2009;
stress, count/motility; | .
Lead . . Silbergeld
mitochondrial | female
damage infertility et al.,
2000
Disrupts tii?ousiz?one'
Cadmiu | Leydig  cell impaired ' Kumar et
m function; DNA P al., 2017
damage spermatogenes
is
Bioaccumulate | Menstrual
Mercury | S induces | irregularities; | Zeng et
y apoptosis in | sperm  DNA | al., 2017
germ cells fragmentation

Epidemiological studies consistently associate elevated

blood or seminal concentrations of these metals with reduced
sperm count, motility, and abnormal morphology, as well as

menstrual irregularities and miscarriage in women (Gore et
al., 2015).

4.2. Air pollution and particulate matter

Airborne pollutants, especially fine particulate matter
(PM2.5) and nitrogen oxides (NOXx), generate systemic
oxidative stress and inflammation. In male reproductive
systems, PM2.5 exposure correlates with increased sperm
DNA fragmentation and reduced testicular volume (Li et al.,
2019).

Urban populations, with higher exposure to traffic-
related pollutants, show significantly lower fertility rates
compared to rural counterparts, underscoring environmental
disparity (Hauser et al., 2015).

4.3. Agricultural pesticides and industrial chemicals

Pesticides such as organophosphates and pyrethroids have
been implicated in endocrine disruption and gametotoxicity
through anti-androgenic and estrogenic effects. Long-term
exposure is linked to decreased sperm quality and increased
risk of spontaneous abortion (Swan et al., 2003).

Persistent  organic  pollutants (POPs), including
polychlorinated  biphenyls  (PCBs) and  dioxins,
bioaccumulate in adipose and reproductive tissues, disrupting
steroidogenesis and increasing oxidative stress (Bergman et
al., 2013).

5. Endocrine Disrupting Chemicals (EDCs) and
Hormonal Interference

Endocrine Disrupting Chemicals (EDCs) are exogenous
compounds that interfere with hormone biosynthesis,
signaling, or metabolism, posing significant threats to human
reproductive health. This section reviews common EDCs,
their mechanisms of hormonal interference, and human
exposure pathways, supported by biomonitoring data.

5.1. Overview of common EDCs

Common EDCs include industrial chemicals such as
Bisphenol A (BPA), phthalates, parabens, dioxins, and
polychlorinated biphenyls (PCBs). These chemicals are
pervasive in consumer products and the environment, leading
to widespread human exposure (Diamanti-Kandarakis et al.,
2009).

Table 9: Common endocrine disrupting chemicals (EDCs),
their sources, chemical properties, and key references

EDC Common Chemical Referenc
Sources Properties es

Bisphen | Polycarbonate | Estrogenic Rochester

ol A plastics, activity , 2013

(BPA) epoxy resins

Phthalat | PVC plastics, | Anti- Hauser &

es personal care | androgenic Calafat,
products effects 2005
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Parabens | Cosmetics, Weak Darbre &
pharmaceutic | estrogenic Harvey,
als effects 2008

Dioxins | Industrial by- | Persistent, Schecter
products, bioaccumulati | et al.,
combustion ve 2006
processes

PCBs Electrical Persistent, Carpenter
equipment, lipophilic , 2006
industrial
wastes

5.2. Mechanisms of endocrine disruption

EDCs exert their effects primarily through mimicking or
blocking natural hormones, disrupting receptor signaling.
BPA and parabens act as estrogen receptor agonists, while
phthalates often antagonize androgen receptors, impairing
testosterone-mediated functions (Vandenberg et al., 2012).

Additionally, emerging evidence highlights epigenetic
alterations induced by EDCs in germ cells, including DNA
methylation and histone modifications, which may contribute
to transgenerational reproductive effects (Skinner et al.,
2013).

5.3. Human exposure routes and biomonitoring data

Humans are exposed to EDCs via ingestion (contaminated
food and water), dermal absorption (cosmetics, personal care
products), and inhalation. BPA, phthalates, and parabens are

commonly detected in urine, while dioxins and PCBs
accumulate in fatty tissues (Wang et al., 2014).

Table 10: Mechanisms of endocrine disrupting chemicals
(EDCs) and their reproductive impacts

Mechanis Descriptio Impact on . Reference
Reproductio
m n n s
Binding to Altered
. estrogen . Vandenbe
Estrogenic ovarian
Activi receptors, . rg etal.,
ctivity " function,
activating 2012
sperm defects
pathways
Inhibition | Reduced
Anti- of testosterone, Hauser &
androgenic | androgen impaired Calafat,
Effects receptor spermatogene | 2005
signaling Sis
DNA
Epigenetic | methylatio | Heritable .
Modificatio | n, histone | reproductive Skinner et
: . al., 2013
ns changes in | dysfunction
germ cells

Biomonitoring studies detect EDCs in reproductive
fluids: BPA and phthalates are found in semen, follicular
fluid, and amniotic fluid, correlating with compromised
gamete quality and pregnancy outcomes (Minguez-Alarcon
etal., 2016).

Table 11: Exposure routes, biomonitoring matrices, and reported reproductive effects of common endocrine disrupting

chemicals (edcs)

EDC Exposure Routes | Biomonitoring Matrices | Reported Effects References

BPA Food packaging, Urine, semen, follicular Reduced sperm motility, | Rochester, 2013; Minguez-
thermal receipts fluid oocyte quality Alarcon et al., 2016

Phthalates Plastics, personal | Urine, semen Decreased sperm count, Hauser & Calafat, 2005
care products altered hormone levels

Parabens Cosmetics, Urine Estrogenic disruption Darbre & Harvey, 2008
pharmaceuticals

Dioxins Food chain Blood, adipose tissue Hormonal imbalance, Schecter et al., 2006
contamination infertility

PCBs Environmental Blood, adipose tissue Reduced fertility, sperm | Carpenter, 2006
persistence defects

6. Preventive and Mitigative Strategies

Addressing the global fertility decline and sperm count
reduction requires a multi-pronged approach involving
lifestyle changes, regulatory frameworks, and targeted
research. This section discusses interventions at individual
and policy levels, alongside future research priorities to
safeguard reproductive health.

6.1. Lifestyle interventions

Lifestyle modifications are pivotal for mitigating
reproductive dysfunction caused by environmental and
behavioral risk factors. Dietary improvements focusing on
balanced nutrition rich in antioxidants (e.g., vitamins C and
E, zinc, selenium) have been shown to enhance sperm quality
and ovarian function (Agarwal et al., 2014). Regular physical
activity and maintaining optimal body weight reduce
oxidative stress and hormonal imbalances linked to infertility
(Thoma et al., 2013).
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Antioxidant therapy and micronutrient supplementation
further combat reactive oxygen species (ROS)-mediated
gamete damage. Clinical trials have demonstrated improved
semen parameters following supplementation with coenzyme
Q10, folic acid, and omega-3 fatty acids (Showell et al.,
2014).

6.2. Regulatory approaches and public health policies

Regulatory measures play a crucial role in limiting human
exposure to reproductive toxicants. International frameworks
such as the European Union’s REACH (Registration,
Evaluation, Authorization, and Restriction of Chemicals) and
U.S. EPA guidelines regulate EDCs and hazardous pollutants
to reduce environmental burdens (Kortenkamp et al., 2011).

Public health initiatives emphasize reproductive health
education, raising awareness about lifestyle risks and
environmental exposures. Community campaigns and
healthcare provider training improve early detection and
prevention strategies (Balabanova et al., 2017).

Table 12: Regulatory frameworks addressing chemical
safety and their impact on reproductive health

Regulatory Impact on
Framewor | Scope Reproductive | References
k Health
Controls Reduction in Kortenkam
chemical EDC
Reach (EU) petal.,
safety and | exposure, safer 2011
usage environment
Sets Limits
EPA Eermlssml gz\élronmental
Guidelines . EPA, 2020
exposure | occupational
(USA) . .
limits for | reproductive
pollutants | toxicants
Provides
global Promofces
WHO reproducti education, WHO,
Guidelines P monitoring, 2018
ve health '
. and regulation
policies

6.3. Future research directions

Future research must focus on longitudinal human cohort
studies to understand chronic and low-dose exposures’
effects on fertility outcomes (Skakkebaek et al., 2016).
Development  of  sensitive  biomarkers—molecular,
epigenetic, or proteomic—will aid early detection of
reproductive risks before clinical infertility manifests
(Jenkins et al., 2018).

Investigating gene-environment interactions is critical to
identify susceptible populations and tailor personalized
interventions.  Integrating omics technologies  with
epidemiology could unravel complex pathways linking
exposures to reproductive dysfunction (Trasande et al.,
2015).

7. Conclusion

The global decline in fertility and sperm counts is a
multifactorial phenomenon intricately linked to lifestyle
dysregulation, environmental pollutants, and widespread
exposure to endocrine-disrupting chemicals (EDCs).
Lifestyle factors such as poor nutrition, sedentary behavior,
substance abuse, and psychological stress collectively impair
reproductive hormones and gamete integrity.
Simultaneously, environmental toxicants—including heavy
metals, air pollutants, pesticides, and persistent organic
pollutants—exert direct gonadotoxic effects that exacerbate
reproductive dysfunction. Furthermore, EDCs interfere with
hormonal signaling through complex molecular mechanisms,
often resulting in epigenetic alterations that may affect not
only individuals but subsequent generations.

Given the complex and interconnected nature of these
factors, addressing the fertility crisis necessitates urgent
multidisciplinary interventions combining individual
lifestyle modifications, robust regulatory policies, and
comprehensive public health initiatives. Equally critical is
advancing research to identify sensitive biomarkers and
understand gene-environment interactions to develop
precision prevention and treatment strategies.

A coordinated global effort involving scientists,
healthcare providers, policymakers, and communities is
essential to mitigate the adverse effects threatening human
reproductive health. Only through such collaboration can we
hope to reverse current trends, safeguard fertility, and ensure
reproductive well-being for future generations.
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