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Impact of chronic stress on reproductive functions in animals
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Abstract
Chronic stress is a widespread condition with a profound negative impact on animal reproductive functions such as

fertility, pregnancy and offspring production. The persistent activation of the hypothalamic-pituitary-gonadal (HPG)
axis under chronic stress conditions leads to hormonal imbalances as elevated cortisol levels can suppress the reproductive
hormone secretion. Hormonal imbalances adversely affect key reproductive processes such as ovulation, spermatogenesis,
fertilization and embryo development. In livestock, these impairments significantly reduce reproductive efficiency, hence
contributing to substantial economic losses in animal production systems. Furthermore, chronic stress induces oxidative
stress, resulting in cellular damage to reproductive tissues and modulating immune system function, exacerbating the
decline in reproductive health. Stressors which result into significant impact on animal production in daily basis are from
poor managemental conditions, amongst which heat stress due to global climate change. All these stressors have compounded
to reproductive challenges imposed by chronic stress. Heat stress, driven by higher ambient temperatures, further disrupts
reproductive processes by altering hormonal balance, reducing gamete quality, impairing embryo survival and increasing
pregnancy complications. The synergistic effect of chronic stress and heat stresses creates an additional burden on
reproductive functions, particularly for less heat-intolerant livestock. This review critically explores the multifaceted
mechanisms by which chronic stress disrupts reproductive function in animals, emphasizing the roles of hormonal
dysregulation, oxidative stress and immune system alterations. Thus, addressing both environmental and physiological
factors is of utmost importance to improve the reproductive functions of domestic animals.
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Highlights
 Chronic stress disrupts the HPG axis, causing hormonal imbalances that impair fertility in animals.
 Elevated glucocorticoids from chronic stress inhibit gonadal hormones, reducing reproductive success.
 Understanding the impact of chronic stress on reproduction aids welfare in conservation and management.
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INTRODUCTION
Stress is a natural part of life, functioning as self-

protective mechanism to adapt and respond to
environmental challenges. This stress response is
essential for survival in acute situations, facilitating the
body’s ability to cope with immediate threats by
activating physiological responses such as the
hypothalamic-pituitary-adrenal (HPA) axis (Sapolsky,
2000). However, when stress becomes chronic in case of
prolonged or repeated exposure to stressors, it can cause
detrimental effects on multiple physiological systems,
including reproduction. Chronic stress disturbs the
finely tuned hormonal balance, leading to reproductive
dysfunction and reduced fertility (Dobson and Smith,
2000). Reproductive success is vital not only for the
survival of species but also for the economic viability
of animal husbandry. In the livestock sector, where
reproduction underpins productivity, chronic stress can
severely impair reproductive outcomes, affecting both

animal health and farm profitability (Marai and Habeeb,
2010).

The effects of chronic stress on reproduction are
profound and multifaceted. Its impact on fertility,
pregnancy outcomes, and offspring survival is clearly
shown by altering reproductive hormone levels,
increasing oxidative stress, and modulating immune
responses (Agarwal et al., 2005). Furthermore, chronic
stress affects both male and female reproduction
differently, with distinct effects on spermatogenesis,
oogenesis, and maternal behavior (Tilbrook et al., 2000).

This review provides an in-depth examination of the
mechanisms through which chronic stress impairs
reproductive function, on the role of the HPA axis,
oxidative stress, and immune responses.

Common stressors on animal reproductive functions
Stressors on animal production include poor housing

conditions, overcrowding, nutritional deficiencies,
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extreme environmental temperature, handling, and
transport (Moberg and Mench, 2000). These stressors
lead to continuous activation of the HPA axis and
ultimately disrupt the HPG axis, which, over time,
irregulates productive hormone production and reduces
fertility (De Rensis and Scaramuzzi, 2003).

Besides these common stressors, global warming is
increasingly becoming a significant cause of chronic
stress for both livestock and wild animal populations.
Rising environmental temperatures due to climate
change exacerbate thermal stress in livestock, disrupting
reproductive functions, particularly in heat-sensitive
species (Rojas-Downing et al., 2017). Similarly,
temperature-dependent sex determination in reptiles is
being skewed by global warming, leading to imbalanced
sex ratios and potentially threatening species survival
(Hulin et al., 2009). In migratory birds, shifting climate
patterns are altering the timing of reproduction, resulting
in asynchrony between breeding periods and food
availability, which impacts reproductive success (Both
et al., 2009). Marine species, such as fish, are also
affected by ocean warming, which disrupts spawning
cycles and threatens the sustainability of fisheries
(Pankhurst and Munday, 2011). Wild animals
succumbed to chronic stress due to climate change,
habitat degradation, and enormous human activities,
further disrupting the natural reproductive cycles and
affecting population sustainability (Romero, 2004).

Hypothalamic-pituitary-adrenal (HPA) axis and
reproduction

The hypothalamic-pituitary-adrenal (HPA) axis is the
central stress-response system in mammals, birds, reptiles
and fish. Upon exposure to stress, the hypothalamus
releases corticotropin-releasing hormone (CRH), which
stimulates the anterior pituitary gland to secrete
adrenocorticotropic hormone (ACTH). ACTH then
triggers the adrenal glands to produce glucocorticoids,
such as cortisol in mammals and corticosterone in birds
and reptiles (Moberg and Mench, 2000). These
glucocorticoids regulate the body’s metabolism, immune
function and energy use to help the organism cope with
stress.

In short-term or acute stress situations, the HPA axis
plays a beneficial role by mobilizing resources to respond
to the stressor. However, when stress is prolonged, the
continuous release of glucocorticoids has a suppressive
effect on the reproductive system. Chronic elevation of
cortisol levels will interfere with the hypothalamic-
pituitary-gonadal (HPG) axis, which regulates the
reproductive steroid hormones (Sapolsky, 2000).
Disruption of the HPG axis leads to decreased secretion
of gonadotropin-releasing hormone (GnRH), which in

turn reduces luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) production.

This hormonal imbalance negatively affects
reproductive processes such as spermatogenesis,
oogenesis, and estrous cycle. For example, climate-
induced chronic stressors like rising environmental
temperatures due to global warming exacerbate, leading
to disruptions in reproductive function. High ambient
air temperatures have been shown to increase
glucocorticoid secretion, further suppressing
reproductive hormone production and impairing
reproductive success, particularly in heat-sensitive
species like livestock and reptiles (Hulin et al., 2009;
Rojas-Downing et al., 2017). The chronic elevation of
glucocorticoids can also reduce the sensitivity of gonadal
tissues to LH and FSH, further impairing reproductive
function. For example, high cortisol levels inhibit
ovarian steroidogenesis, reduce estrogen production and
lead to impaired follicular development and ovulation
(Rivier and Rivest, 1991).

Additionally, in migratory birds, climate change-
induced shifts in environmental stressors, such as altered
breeding seasons and food scarcity, which can lead to
prolonged activation of the HPA axis, further disrupting
reproductive cycles (Both et al., 2009). These effects of
chronic stress related to climate change highlight the
importance of understanding the global environmental
variation impacting the HPA and HPG axis,
consequently on animal reproductive health.

Gonadotropin-inhibitory hormone (GnIH) and
reproductive function

Gonadotropin-inhibitory hormone (GnIH) has
emerged as a critical regulator in the modulation of
reproductive processes under chronic stress conditions.
GnIH inhibits the release of gonadotropins by acting on
the hypothalamus and pituitary, consequently reducing
reproductive capacity (Tsutsui et al., 2013). Chronic
stress elevates GnIH levels, which has downstream effects
on reproductive hormone levels, leading to disruptions
in the reproductive axis (Kirby et al., 2009).

In mammals, prolonged exposure to stressors has been
shown to significantly upregulate GnIH expression,
dampening the hypothalamic-pituitary-gonadal (HPG)
axis activity and reducing fertility rates (Calisi et al.,
2008). For example, exposure to chronic unpredictable
stress highlight a marked increase in hypothalamic GnIH
expression, which correlates with reduced luteinizing
hormone (LH) secretion and altered estrous cyclicity in
rodents (Tsutsui et al., 2012).

Moreover, the ecological context in which animals
are exposed to stress plays a vital role in GnIH
regulation. In avian species, environmental stressors
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such as habitat loss and climate change trigger GnIH
activity, reducing reproductive success and impacting
population dynamics. This is particularly evident in
migratory birds, where shifting climate patterns disrupt
reproductive timing, leading to asynchrony between
breeding and resource availability (Both et al., 2009).

Reactive oxygen species and reproductive function
Chronic stress is known to exacerbate oxidative

stress, a condition marked by an overproduction of
reactive oxygen species (ROS) that overwhelms the
antioxidant defence systems, leading to cellular damage
and impaired reproductive function. Persistent
activation of the hypothalamic-pituitary-adrenal (HPA)
axis during chronic stress results in elevated
glucocorticoid levels, which not only impair
mitochondrial function but also reduce the activity of
key antioxidant enzymes like superoxide dismutase
(SOD) and glutathione peroxidase (GPx), increasing ROS
production (Sapolsky, 2000; Picard et al., 2014). In
reproductive tissues, oxidative stress is linked to
disruptions in follicular development, oocyte quality,
and sperm function, ultimately reducing fertility (Aitken
and Baker, 2006; Agarwal et al., 2012). The ovaries are
particularly vulnerable to ROS accumulation, causing
apoptosis in granulosa cells and impaired ovulation. In
males, sperm ROS-mediated lipid peroxidation and DNA
damage contribute to reduced motility and fertility
(Aitken and Baker, 2006; Agarwal et al., 2012).
Furthermore, pro-inflammatory cytokines such as TNF-
and IL-6, which are elevated during chronic stress,
exacerbate oxidative damage in reproductive tissues
(Agarwal et al., 2012). To mitigate these effects,
antioxidant supplementation of vitamins C and E, along
with selenium, has been shown to alleviate ROS-induced
reproductive damage (Agarwal et al., 2008). Therefore,
understanding the relationship between chronic stress,
oxidative stress, and reproductive health is essential for
developing targeted interventions to maintain fertility
in stressed animals.

Chronic stress and immune system interactions
Chronic stress significantly influences the immune

system, triggering profound effects on reproductive health
through immune-endocrine interactions (Webster
Marketon and Glaser, 2008; Dhabhar, 2014). Prolonged
activation of the hypothalamic-pituitary-adrenal (HPA)
axis during chronic stress elevates glucocorticoid levels,
which suppress immune function and promote systemic
inflammation by altering cytokine production (Elenkov
and Chrousos, 2002). This immunosuppressive effect is
particularly harmful in the reproductive system, where
immune homeostasis is crucial for maintaining healthy

tissue function. For example, chronic stress can lead to
elevated levels of pro-inflammatory cytokines such as
interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-), which disrupt ovarian and uterine function by
promoting oxidative damage and impairing normal
folliculogenesis, implantation and early embryo
development (Palomba et al., 2018). In males, stress-
induced immune dysregulation can result in increased
infiltration of immune cells like macrophages into the
testes, leading to inflammation, impaired spermatogenesis
and reduced testosterone production (Zou et al., 2019;
Khambata et al., 2021; Ye et al., 2021). Furthermore, the
interaction between the immune system and reproductive
hormones, such as estrogen and progesterone, plays a key
role in modulating the inflammatory response, and chronic
stress can disturb this balance, exacerbating reproductive
dysfunction (Straub, 2007). Targeted therapies, including
anti-inflammatory agents and stress reduction techniques,
are thus critical in mitigating the adverse immune-
mediated effects of chronic stress on reproduction
(Dhabhar, 2009).

Impact of chronic stress on male reproduction
Spermatogenesis and sperm quality: Chronic stress has
a profound impact on spermatogenesis and sperm
quality, primarily through the dysregulation of the
hypothalamic-pituitary-gonadal (HPG) axis and the
exacerbation of oxidative stress. Consequence of
prolonged stress is increased glucocorticoid levels,
which will inhibit gonadotropin-releasing hormone
(GnRH) secretion, ultimately leading to a reduction in
both the luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels. This hormonal
imbalance disrupts spermatogenesis, contributing to
suboptimal sperm parameters such as reduced sperm
count, motility, and viability (Sengupta et al., 2017)
and diminishes testosterone production. Additionally,
chronic stress induces reactive oxygen species (ROS)
level that causes lipid peroxidation of the sperm
membrane, compromising its integrity, reducing motility
and the ability to fertilize an oocyte (Kaltsas, 2023).

Furthermore, stress-induced inflammation results due
to infiltration of immune cells, such as macrophages,
into testicular tissue, leading to chronic testicular
inflammation and damage to the blood testis barrier.
Sperm DNA fragmentation caused by oxidative stress is
strongly associated with impaired fertilization, poor
embryo quality, and increased miscarriage rates (Aitken
and Baker, 2006). Mitigating these effects involves
antioxidant therapy, such as supplementation with
vitamin C and E, selenium, and zinc, which have been
shown to protect sperm from oxidative damage and
improve overall sperm quality (Ahmadi et al., 2016;
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Hajjar et al., 2020). Reducing environmental stressors
and implementing stress management strategies are
essential for preserving normal spermatogenesis and
ensuring optimal male fertility.

Suppression of testosterone production: Chronic stress
significantly suppresses testosterone production,
primarily through its dysregulation of the hypothalamic-
pituitary-gonadal (HPG) axis. Stress-induced activation
of the hypothalamic-pituitary-adrenal (HPA) axis
elevates glucocorticoid levels, particularly cortisol,
which negatively affects the secretion of gonadotropin-
releasing hormone (GnRH) from the hypothalamus.
Reduced GnRH levels will decrease luteinizing hormone
(LH) release from the anterior pituitary, which is required
to stimulate Leydig cells in the testes for testosterone
secretion (Xiong et al., 2022; Mbiydzenyuy and Qulu,
2024). This suppression disrupts spermatogenesis and
can lead to reduced libido and impaired sexual function
in males (Sengupta et al., 2017).

Moreover, chronic stress enhances oxidative stress
and inflammation within the testes, which further
suppresses testosterone synthesis (Xiong et al., 2022).
Reactive oxygen species (ROS) damage Leydig cells
and reduces their capacity to produce testosterone
(Darbandi et al., 2018), while pro-inflammatory
cytokines, such as tumor necrosis factor-alpha (TNF-),
inhibit steroidogenic enzymes essential for testosterone
biosynthesis (Hong et al., 2004). This stress-induced
reduction in testosterone not only compromises
reproductive function but also leads to systemic health
issues, including reduced muscle mass fatigue and mood
disturbances (Zitzmann, 2024).

Mitigation strategies to counter testosterone
suppression focus on stress management interventions,
including behavioral therapies, physical exercise, and
pharmacological approaches like selective
glucocorticoid receptor antagonists. Additionally,
antioxidant supplementation, such as vitamins C and E,
has shown potential in protecting Leydig cells from
further oxidative damage and support the testosterone
production (Ryan et al., 2010).

Testicular damage and apoptosis: Chronic stress
induces significant testicular damage and apoptosis,
primarily through the activation of oxidative stress,
inflammation, and hormonal dysregulation (Turner and
Lysiak, 2008; Ojo et al., 2023). Elevated glucocorticoids
during chronic stress disrupt the hypothalamic-pituitary-
gonadal (HPG) axis, impairing testosterone production
and promoting oxidative stress within the testes
(Whirledge and Cidlowski, 2013; Darbandi et al., 2018;
Mbiydzenyuy and Qulu, 2024). Reactive oxygen species

(ROS) accumulate in testicular tissue, causes lipid
peroxidation, DNA fragmentation, and protein damage,
leading to apoptosis of germ cells and structural
deterioration of the seminiferous tubules (Agarwal
et al., 2014; Darbandi et al., 2018). Oxidative damage
to the Sertoli cells, which are essential for nurturing
developing sperm, further exacerbates germ cell
apoptosis and impairs spermatogenesis (Yang et al.,
2021).

Inflammatory cytokines, such as TNF- and
interleukin-6 (IL-6), are also upregulated during chronic
stress and play a crucial role in mediating testicular
damage (Dutta et al., 2021). These cytokines activate
pro-apoptotic pathways in Leydig and germ cells by
upregulating caspase enzymes, leading to increased cell
death. Moreover, the integrity of the blood-testis barrier
(BTB), which protects the developing sperm from
harmful substances and immune responses, is
compromised under stress-induced inflammation and
oxidative stress, further facilitating cellular damage and
apoptosis (Shen et al., 2022). The cumulative result of
these processes is reduced sperm count, motility and
overall fertility.

Mitigating testicular damage and apoptosis involves
targeting oxidative stress and inflammation.
Antioxidants such as vitamins C and E, zinc and
selenium have been shown to protect testicular tissue
by scavenging ROS and reducing apoptosis (Sengupta
et al., 2004; Besong et al., 2023). Additionally, anti-
inflammatory agents and lifestyle modifications aimed
at reducing chronic stress can preserve testicular function
and fertility in stressed animals.

Impact of chronic stress on female reproduction
Ovarian function and oocyte quality: Chronic stress
negatively impacts ovarian function and poor oocyte
quality, primarily through the dysregulation of the
hypothalamic-pituitary-gonadal (HPG) axis and the
resultant hormonal imbalances. Prolonged activation of
the hypothalamic-pituitary-adrenal (HPA) axis during
stress leads to elevated glucocorticoid levels, which can
suppress the release of gonadotropin-releasing hormone
(GnRH) from the hypothalamus, thereby reduces
luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) secretions from the pituitary gland
(Mbiydzenyuy and Qulu, 2024). This disruption in
hormonal signaling adversely affects ovarian follicular
development and maturation, leading to impaired
ovulation and decreased fertility.

Moreover, chronic stress induces oxidative stress in
ovarian tissues, characterized by an increase in reactive
oxygen species (ROS) that can damage oocytes and
surrounding granulosa cells. Elevated ROS levels can



98 Indian Journal of Animal Health,  Special Issue,  December, 2024

lead to lipid peroxidation, DNA fragmentation, and
mitochondrial dysfunction in oocytes, compromising
their quality and developmental potential (Song et al.,
2024). Oxidative stress can also trigger apoptosis in
granulosa cells, further impairing the microenvironment
necessary for oocyte maturation and health (Yang et al.,
2017; Yan et al., 2022).

The inflammatory response associated with chronic
stress also plays a critical role in ovarian dysfunction.
Increased levels of pro-inflammatory cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-), can disrupt normal ovarian function by
promoting follicular atresia and inhibiting normal
steroidogenesis (Yamamoto et al., 2015; Samir et al.,
2017). This immune dysregulation affects not only the
quantity of follicles but also their quality, leading to
suboptimal oocyte health and viability.

Interventions aimed at mitigating the effects of
chronic stress on ovarian function include antioxidant
therapy, which can counteract oxidative damage and
support oocyte quality (Rakha et al., 2022). In addition,
stress reduction techniques such as behavioral therapies,
physical activity, and nutritional support by improving
ovarian function and enhance reproductive outcomes
in females undergoing chronic stress (Gitsi et al., 2024).

Estrous cycle disruptions: Chronic stress is known to
cause significant disruptions in the estrous cycle, which
can adversely affect female reproductive health and
fertility (Casillas et al., 2021; Poitras et al., 2024). Stress-
induced activation of the hypothalamic-pituitary-
adrenal (HPA) axis leads to elevated levels of
glucocorticoids, can interfere with the normal
functioning of the hypothalamic-pituitary-gonadal
(HPG) axis. This ultimately alters the secretion of
gonadotropin-releasing hormone (GnRH), luteinizing
hormone (LH), and follicle-stimulating hormone (FSH),
which are essential for the regulation of the ovarian cycle
including the follicular and luteal phases.

One of the primary effects of chronic stress is either
prolongation or irregularity of the estrous cycle, often
resulting in anovulation or missed estrous cycles
(Casillas et al., 2021). Increased levels of stress
hormones can inhibit the pre-ovulatory LH-surge,
leading to incomplete follicular phase (Wagenmaker
et al., 2009). Additionally, the influence of chronic stress
on ovarian function can lead to decreased estrogen
production, which is crucial for maintaining normal
follicular wave dynamics during estrous cycle and
prepares the endometrium for potential implantation.

Furthermore, chronic stress is associated with
increased oxidative stress and inflammation in
reproductive tissues, leading to disruption of the estrous

cycle. Elevated reactive oxygen species (ROS) and pro-
inflammatory cytokines, such as TNF- and IL-6, have
been shown to impair the quality of oocytes production
and the health of the endometrium, further complicating
the estrous cycle and reproductive failure.

Pregnancy and gestation: Chronic stress during
pregnancy can have profound implications for both
maternal health and fetal development, affecting
gestational outcomes and long-term offspring health
(Coussons-Read, 2013). The activation of the
hypothalamic-pituitary-adrenal (HPA) axis in response
to stress leads to increased production of
glucocorticoids, primarily cortisol, which can cross the
placental barrier and influence fetal development
(Dahlerup et al., 2018). Elevated maternal cortisol levels
have been associated with adverse outcomes, including
low birth weight, preterm birth, and developmental
delays in offspring (Zijlmans et al., 2015).

Stress during pregnancy can disrupt the hormonal
balance, which is critical for maintaining a healthy
gestation (Entringer, 2013). Increased levels of
glucocorticoids can interfere with the production of
reproductive hormones, such as progesterone and
estrogen, which are essential for sustaining pregnancy
and supporting placental function (Whirledge and
Cidlowski, 2010). Additionally, chronic stress is linked
to heighten inflammation, characterized by increased
levels of pro-inflammatory cytokines like interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-), which
can adversely affect placental health and fetal growth
(Palomba et al., 2018).

The impact of chronic stress on pregnancy does not
end with birth; it can have lasting effects on the offspring
as well. Prenatal stress exposure has been linked to
increased susceptibility to metabolic disorders,
behavioral issues, and cognitive impairments in later
life (Coussons-Read, 2013; Jagtap et al., 2023). The
offspring of chronically stressed mothers may exhibit
alterations in stress response systems, leading to
increased vulnerability to stress-related disorders in
adulthood (Majer et al., 2023).

Lactation and maternal behavior: Chronic stress
during the peripartum period can significantly impact
lactation and maternal behavior, ultimately affecting
offspring health and development. Elevated stress levels
activate the hypothalamic-pituitary-adrenal (HPA) axis,
resulting in increased glucocorticoid production,
particularly cortisol. These hormonal changes can
interfere with prolactin secretion, a key hormone
essential for milk synthesis and secretion (Levine and
Muneyyirci-Delale, 2018). Prolonged stress may cause
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reduced milk yield and altered milk composition, which
can negatively affect the growth and development of
neonates (Josefson et al., 2023; Chen et al., 2024).

Chronic stress associated with impaired maternal
behavior, is characterized by reduced maternal care and
bonding with the offspring (Millie et al., 2024). Elevated
glucocorticoid levels can diminish the responsiveness
of mothers to their young, impairing behaviors such as
grooming, nursing, and protective responses. This
reduction in maternal care can further impact offspring
development, leading to behavioral issues and increased
vulnerability to stress later in life.

Additionally, stress can influence the
neurobiological mechanisms underlying maternal
behavior. Increased stress hormones can alter
neurohormonal secretions, such as oxytocin and
dopamine, which are critical for promoting maternal
bonding and nurturing behaviors (Baskerville and
Douglas, 2010). Oxytocin is a lactogenic hormone and
has a significant role in maternal bonding. Dysregulation
in oxytocin secretion due to chronic stress can hinder
the establishment of a strong mother-offspring
relationship (Olff et al., 2013).

Conclusion
Chronic stress exerts profound and often detrimental

effects on reproductive functions across animal species,
significantly influencing fertility, reproductive behavior
and overall reproductive success. The mechanisms
underpinning these effects are multifaceted, involving

the dysregulation of the hypothalamic-pituitary-gonadal
(HPG) axis, alterations in gonadal steroid hormones and
heightened levels of glucocorticoids. These hormonal
imbalances impair various stages of reproductive
processes, from gametogenesis to different postpartum
reproductive phases such as in the expression of abnormal
reproductive behaviors, reduced fertility and
compromised offspring viability. The impact of chronic
stress on animal reproduction requires further research
to explore interspecies variations and identify potential
resilience mechanisms that some species may employ.
An improved understanding on molecular, physiological
and behavioral responses to chronic stress will help to
advance the development of interventions aimed at
mitigating these effects. Such insights will not only
benefit reproductive science but also have applications
in wildlife conservation and animal husbandry, where
managing stress is critical for promoting reproductive
health and population sustainability.
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