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Evaluation of stress hormones
on reproductive functions

of sheep and goats:

a systematic review

Obert Tada*, Phillip Masilo Tshabuse,
Mojakgomo Sidney Mamakoko and Puleng Kgabo Mashamaite

Department of Agricultural Economics and Animal Production, University of Limpopo, Sovenga, South
Africa

In the face of climate variability and resource limitations, stress-related hormonal
disruptions challenge the sustainability and reproductive performance of small
ruminants. This systematic review evaluated the impact of key stress hormones
such as cortisol, adrenaline, and glucocorticoids on reproductive functions of
sheep and goats. A comprehensive search of databases including PubMed,
ScienceDirect, Web of Science, and Google Scholar yielded 29 eligible peer-
reviewed articles published between 2005 and 2024. The Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses (PRISMA) and Population,
Intervention, Comparison, OQutcome (PICO) tools were employed for
evidence-based practice ensuring a rigorous and transparent manner in
conducting and reporting this research. The Cochrane Risk of Bias instrument
was adopted to assess data quality and biasness of the included studies. The
results consistently indicated elevated stress hormone levels impair the
hypothalamic-pituitary-gonadal axis, leading to delayed ovulation, reduced
conception rates, irregular estrous cycles, and compromised sperm quality.
Major environmental factors contributing to hormonal imbalance identified
were heat stress, nutritional deficiencies, inappropriate handling, social
instability, and diseases. Additionally, genetic variation among breeds
influenced the severity of stress responses. However, the limited African-based
research and inconsistent reporting of environmental conditions highlight critical
knowledge gaps. This review emphasizes the need for climate-resilient and
welfare-oriented livestock strategies meant to mitigate stress and enhance
reproductive outcomes in sheep and goats.
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1 Introduction

The reproductive efficiency in sheep and goats is intricately
linked to hormonal balance, which is frequently disrupted by stress
hormones (Dobson et al., 2012; Tifekei and Sejian, 2023). Among
the primary stress hormones such as catecholamines and
glucocorticoids, the key regulators have been identified. The stress
hormone, cortisol, produced in the adrenal cortex, is the principal
glucocorticoid which plays a role in metabolism, immune
modulation, and regulation of the hypothalamic-pituitary-adrenal
(HPA) axis (Thau et al., 2023). Cortisol interferes with reproductive
hormone regulation and gametogenesis, this potentially leads to
decreased fertility (Thau et al., 2023). An elevated cortisol levels
disrupt normal functioning of hypothalamic-pituitary-gonadal axis.
This is vital for regulating reproductive health and can result in
delayed ovulation, disrupted estrous cycles and reduced fertility
(Baker JA et al., 2020; Dobson et al., 2012; Thau et al., 2023).
Adrenalin is secreted by the adrenal medulla and is known to causes
the acute “fight or flight” reaction. Glucocorticoids and adrenaline
influence physiological processes which disrupt reproductive
functions. This is achieved through interference of the ovulation
cycle and sperm viability resulting typically from prolonged
exposure to the stress hormones (Dobson et al., 2012; Seckl and
Holmes, 2021a).

Substantial research on how stress hormones affect reproductive
functions has been conducted in temperate regions such as Europe,
North America, and Australia. There are significant gaps in global
coverage especially from Africa, Asia, and South America. This
imbalance limits the generalizability of findings and the
development of region-specific interventions. Only limited
research on sheep in the coastal region of the Black Sea region
has been carried out in certain periods of the year as they migrate to
the plateau (Tozlu Celik et al., 2021). South African studies tend to
focus on observational assessments with minimum exploration of
molecular pathways. The European contexts are underrepresented
in the literature despite being a place to substantial small ruminant
populations under stress prone conditions (Gomez | et al., 2023).
Inadequate housing conditions, poor nutrition, and extreme
climatic variations are prevalent influencing factors in many
African regions. These exacerbates stress and contribute to
elevated cortisol levels among other associated reproductive issues
(Gomez | et al, 2023). Zhang et al. (2020) demonstrated that
suboptimal housing is directly correlated with increased cortisol
levels, thus negatively impacting reproductive performance.
Additionally, Mwanga et al. (2019) highlighted that nutritional
deficiencies and poor management practices in East Africa are
linked to increased stress and compromised reproductive health
in small ruminants. Similarly, South American research,
particularly from regions such as the Andes and semi-arid zones,
is sparse despite their unique agro-climatic challenges.

The influence of environmental stressors on reproductive health
is further highlighted by studies conducted in various African
countries. In Nigeria, found that inadequate housing and
nutrition significantly affect cortisol levels and reproductive
outcomes in goats. Similar results were reported by Mburu et al.
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(2023), Coetzee et al. (2022) and Desta et al. (2022) in Kenyan small
stock, South African sheep and Ethiopian goats respectively. The
high temperatures and poor shelter were the major factors affecting
reproductive performance. Studies in South Africa by Coetzee et al.
(2022) and in Ethiopia by Desta et al. (2022) provide further
evidence of the adverse effects of environmental stress on
reproductive health. The African continent faces unique
challenges such as extreme climate variability, resource
limitations, and widespread low-input farming systems, which
exacerbate the stress burden on animals. Unlike in temperate
systems where environmental control, genetic selection, and
housing are more developed, it has been long established that the
African production environments are characterized by high heat
loads, nutritional stress, poor infrastructure, and limited
veterinary oversight.

Genetic variability among small ruminant genotypes in Africa
adds another layer of complexity envisaged in reproductive
performance. Indigenous breeds such as the Ethiopian Highlands
sheep and West African Dwarf goat exhibit distinct stress response
mechanisms compared to temperate breeds, thus affecting their
reproductive health differently (Daramola et al.,, 2021).
Understanding these breed-specific variations is crucial for
developing effective management practices tailored to local
husbandry and climatic conditions. Research by Daramola et al.
(2021) indicated that indigenous breeds in West Africa demonstrate
different stress responses and reproductive outcomes compared to
exotic breeds. Despite the documented effects of stress hormones on
reproduction, there remains a lack of comprehensive studies
specifically exploring these mechanisms in an African context.
The interplay between environmental stressors and physiological
responses complicates the development of effective management
strategies. The systematic review aims to assess the impact of
different levels of primary stress hormones on the reproductive
efficiency of sheep and goats across diverse environmental
conditions across the world.

2 Materials and methods
2.1 Eligible criteria

The systematic review adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The
articles included in the review process focused on sheep and goats as
the primary subjects and specifically exploring hormonal impact on
reproductive functions. The reproductive functions of concern
included fertility parameters and reproductive hormone levels. The
hormones of interest were cortisol, glucocorticoids and adrenaline.
The systematic review was eligibly complied with the Population,
Intervention, Comparison and Outcome (PICO) framework. This
framework was depicted as: Population (P): sheep and goats” breeds.
Intervention (I): Exposure to environmental stressors affecting levels
of hormones (cortisol, adrenaline, glucocorticoids). Comparison (C):
Comparison between diverse ecological zones, management practices
and breeds/genotypes. Outcome (O): Reproductive trait performance
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such as age at first calving, calving interval, conception rate, services
per conception, pregnancy rate, prolificacy, twinning rate and
associated reproductive hormonal fluctuations such as progesterone
and estrogen. Articles that addressed at least one of these outcomes
were considered. Studies involving other ruminant species were
excluded unless they provided comparative context relevant to small
ruminants. At first glance, articles considered eligible had their titles
and/or abstract with at least one of the following keywords or phrases:
“sheep,” or “goats,” or “small ruminants,” or “reproductive

>

performance,” or “fertility,” or “estrous cycle,” or “luteinizing
hormone,” or “follicle-stimulating hormone,” or “cortisol,” or
“glucocorticoids,” or “adrenaline,” or “stress response,” or “stress

» o«

physiology,” or “breeding performance,” “breed/genotypes” or
“reproductive hormones,” or “reproductive health,” or “tropical” or
“humid” or “arid” or “environmental stress,” or “nutritional stress,” or
“heat stress” or “small ruminants”. The review included articles
published over a 20-year period starting from 2005 to 2024. Eligible
studies were published in peer-reviewed journals and written in
English language. Various study designs, including randomized
controlled trials, observational studies, and systematic reviews/meta-

analyses, were deemed eligible for inclusion.

2.2 Search strategy

The search strategy covered the core elements of the PICO
framework specifically focusing on sheep, goats, stress hormones
and reproductive functions. Three researchers (Mojakgomo Sidney
Mamakoko, Puleng Mashamaite and Phillip Masilo Tshabuse)
independently conducted the search of publications on databases
such as Google Scholar, PubMed, Science Direct, and Web of
Science from the 14th of August 2024 to 28th of March 2025. A
combination of the following key terms and phrases were used for
information search: “noradrenaline” or “catecholamines” or “HPA
axis” or “environmental influences” or “ecological zones” or
“nutritional aspects” or “housing conditions” or “cortisol” or
“glucocorticoids” or “interactions with reproductive hormones” or
“ physiological and psychological factors” or “impact on fertility
and reproductive health”.

2.3 Selection/inclusion criteria

The systematic review included studies published in English
from the year 2005 to 2024 and focusing on sheep and goats,
examining the effects of stress hormones such as cortisol,
glucocorticoids and adrenaline on reproductive functions. Eligible
studies reported outcomes related to fertility parameters such as
conception rates and litter size, as well as reproductive hormone
levels including progesterone and estrogen. Accepted study designs
encompassed randomized controlled trials, observational studies,
and systematic reviews/meta-analyses. The inclusion of studies
followed the PICO framework for eligibility.
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2.4 Exclusion

The exclusion criteria of the study contained: (1) duplicate
articles/records, (2) records irrelevant to sheep and goats stress
hormones and reproductive functions, (3) research reports with no
available original data and information on study design, production
system, sample size, grey areas, publications without authors, and
(4) articles not peer-reviewed.

2.5 Data extraction

The research gathered information and data using the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
approach. Each selected article was carefully checked to ensure data
accuracy and reliability. Data extraction focused on factors affecting
stress hormone levels, how stress hormones affected the reproductive
functions of sheep and goats, through application of standardized
structure of collecting information from the citations and abstracts. The
systematic review aimed to put together evidence for clear reporting
and ensuring good insights into how stress hormones impacted

reproductive outcomes in the small ruminants.

2.6 Quality assessment

Risk of bias assessment was done using the Cochrane Risk of
Bias Tool (Higgins et al., 2024), where two reviewers (Mojakgomo
Sidney Mamakoko and Obert Tada) evaluated the seven data set
domains of potential bias. These were 1. Adequacy of the
randomization process. 2. Deliverance of the intended
interventions. 3. Adequacy of handling missing outcome data. 4.
Adequacy of outcome measurement. 5. Adequacy of the reported
result selection. 6. Presence of bias in the selection of participants. 7.
Presence of any other potential source of bias. The reviewers judged
each domain as low risk, unclear risk/some concerns, and high risk.
The overall risk of bias is determined by the domain with the
highest risk of bias. The resolution of discrepancies was resolved
through consensus.

3 Results
3.1 Outcome of the literature searched

The review process, illustrated using a PRISMA flow diagram
(Figure 1), began with a total of 155 articles identified across four
databases. After initial screening, 12 duplicate records were
removed. A total of 143 articles were assessed based on
publication year, misleading title, wrong species, and key words
in the title, resulting in exclusion of 40 articles. A total of 74 articles
were then removed from 103 remaining articles. The exclusion was
based of eligibility, retrieval, insufficient data, language and
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Google Scholar PubMed Web of Science Scopus
=
° (n=21) (n=50) (n=40) (n=30)
=
|
| | |
= Total number of articles retrieved.
(n=155)
& Articles removed as duplicates.
(n=12)
gn Articles screened for title/abstract. Articles removed (n = 40)
‘= _ articles were removed not matching the key
) (n=143) " .
o words, publication year outside the range,
% misleading titles, and wrong species
A full text paper excluded (n = 74)
o Reasons: publication year outside the range (n=12)
= Full articles assessed for eligibility. .
= Articles not on effects of stress hormones (n = 26)
i) - .
E‘ (n=102) Full text not accessible (n= 6)
Insufficient data (prone to bias) (n = 20)
Not written in English (n = 5)
Total number of articles included in
g systematic review and Meta-
g Analysis
=
= (n=29)
FIGURE 1

PRISMA flow diagram.

objective. Ultimately, 29 articles met the inclusion and exclusion

criteria and were assessed in the systematic review.

3.2 Characteristics of included studies in
the systematic review

The summarized key characteristics of studies that formed part of
this review is shown in Table 1, while Table 2 shows the comparative
effects of stress hormones on male and female reproductive physiology
of sheep and goats reported in the included studies. The systematic
review focused on peer-reviewed original research articles
encompassing observational, experimental, and clinical trial studies.
This approach ensured the analysis was based on empirical data rather
than reviews or opinion pieces. The papers predominately examined
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the effect of stress hormones on reproductive functions in sheep and
goats in different production systems and ecological zones. The studies
varied in sample size with the number of sheep or goats ranging from
7 to 400. Across the 29 included studies, the effects of stress were
consistently more pronounced in female animals, particularly during
critical reproductive windows such as estrous, conception, pregnancy,
and parturition. Cortisol, glucocorticoids, and adrenaline were the
predominant hormones investigated, with multiple studies confirming
their disruptive role in the hypothalamic-pituitary-gonadal (HPG)
axis. The review emphasized on studies with rigorous methodologies
and strong data collection methodologies to ensure high-quality
evidence and limited biased results. Studied conducted in Africa
were prioritized, although relevant studies from other regions were
also considered. The design aimed to provide a comprehensive and
reliable synthesis of how stress hormones affected reproductive health
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TABLE 1 Characteristics and outcomes of included studies.

Sample Species Measured Principal findings
size (n) outcomes
Abril-Sanchez et al. (2018) | 8 Goats French Alpine South America, Behavior, Increased cortisol led to higher
and Toggenburg Uruguay cortisol, Semen quality
pain response
Ahmed et al. (2023) 180 Goat Damascus goats Middle East Glucocorticoids, Elevated glucocorticoids decreased
Kidding rate kidding rates.
Akbulut et al. (2021) 19 Sheep Anatolian Turkey Cortisol, Higher cortisol in twin-pregnant
Merino hematology ewes at parturition
Al-Owaimer et al. (2024) 27 Goats Ardi breed Saudi Arabia, Cortisol Stress handling increased plasma
Asia cortisol and enzyme activity
Baxter et al. (2016) 40 Sheep Saanen and UK Cortisol Cortisol risen result in fetal loss
Toggenburg & glucocorticoid.
Chniter et al. (2016) 17 Sheep D’man Tunisia, Cortisol, High cortisol level during lambing
North America maternal and declined after birth
and neonatal
Choopa et al. (2015) 52 Sheep Indigenous sheep | South Africa Cortisol, Increased cortisol reduced fertility
Conception rate
Dzemo et al. (2022) 150 Goat Boer goat South Africa Glucocorticoids, Longer estrous cycles under
Qestrous cycle chronic stress
Hlatshwayo et al. (2005) 250 Sheep Merino sheep South Africa Cortisol, Cortisol suppressed LH;
Conception conception dropped
Johnson et al. (2023) 250 Goat Saanen Australia Glucocorticoids, Glucocorticoids reduced ovulation
Ovulation
Lee et al. (2021) 200 Goat AlpineXsaanen North America Adrenaline, Glucocorticoids & adrenaline
crossbred Glucocorticoids, suppressed ovulation
Ovulation
Li et al. (2022) 37 Sheep Dorset cross North America Cortisol Chronic hypercortisolemia led to
cardiac dysfunction in lambs.
Elevated cortisol led to stillbirths
Mapholi et al. (2013) 100 Goat Indigenous goats | South Africa Adrenaline, Adrenaline spike decreased
Mating success mating attempts
Martinez et al. (2021) 300 Sheep Manchenga Spain Adrenaline, Hormone elevation linked to
Cortisol, Fertility = low fertility
Medan et al. (2015) 36 Sheep Unspecified Egypt Cortisol, Elevated cortisol pregnancy
Patel et al. (2022) 400 Sheep, Goat Sheep (Malpura), = India Cortisol, High stress reduced conception
Goats Adrenaline, across breeds
(Barbari, Conception
Jamunapari)
Probo et al. (2011) 31 Goats Alpine Ttaly Cortisol
Rakers et al. (2015) 7 Sheep Merino Germany Maternal & fetal Demonstrated maternal-fetal
catecholamines, catecholamine transfer
Cortisol during stress
Ramirez et al. (2020) 175 Goat Creole Latin America Glucocorticoids, Stress level reduced kidding
Litter size rates significantly.
Schwab et al. (2012) 12 Sheep Unspecified Germany Fetal cortisol, Glucocorticoid exposure mid-
ACTH gestation enhanced fetal
stress reactivity
Shaik et al. (2024) 75 Goats Spanish goats North America Epinephrine, Stress-linked epinephrine surge
meat quality altered postmortem pH

and tenderness
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TABLE 1 Continued

10.3389/fanim.2025.1611896

Sample Species Measured Principal findings
size (n) outcomes
Smith et al. (2008) 40 Sheep Unspecified Australia Cortisol, High cortisol led to post-
Gestation length, | conception stress, reduced fetal
fetal weight growth and shortened gestation
Sawyer et al. (2019) 120 Sheep Merino Australia Cortisol, High cortisol levels reduced
Lambing rates lambing rates.
Szabo et al. (2013) 32 Goats Unspecified Australia Cortisol Higher cortisol in pregnant goats
Thompson et al. (2019) 220 Sheep Sufflolk United Kingdom | Cortisol, Findings suggested stress negatively
Adrenaline, influenced reproductive health.
Conception
Tozlu Celik et al. (2021) 30 Sheep Karayaka sheep Turkey Cortisol, Cortisol rise reduced
conception conception rate
Wang et al. (2024) 90 Sheep Sheep (Small- China Cortisol, Correlation between environmental
Tail Han) stressors and elevated
cortisol levels
Zeinstra et al. (2023) 39 Sheep Swifter sheep Netherlands Wool cortisol, Higher cortisol in wool of
parity, stress primiparous and twin-
pregnant ewes
Zhang et al. (2020) 300 Sheep Sheep (Hu and China Cortisol, Cortisol rise reduced
Small-Tail Han) Adrenaline, conception rate
Conception rate

in small ruminants. This thereby offered valuable insights for
improving livestock management practices and advancing the
understanding of stress-related reproductive challenges.

3.3 Publication by year

The number of publications and number of years is presented
under Figure 2. By analyzing the trend in publication from 2005 to
2024, a significant rise in research focused on stress hormones and

TABLE 2 Comparative reproductive physiology effects of stress hormones in

Studies

Female reproductive physiology

their effects on reproduction in sheep and goats was revealed. In the
years (2019-2024), publication levels were modest primarily
addressing basic hormonal mechanisms and general physiology.
As the livestock industry increased demands welfare standards, the
understanding of the hormonal influences on reproduction became
crucial, highlighting the need for sustainable management
strategies. Before this phase, studies investigated stress hormones
in relation to awareness of animal welfare in agriculture. The
researchers therefore saw the need to explore specific stressors
like environmental conditions and herd dynamics.

male and female sheep and goats.

Male reproductive physiology Studies

Reduced GnRH — Reduced LH/FSH — impaired
folliculogenesis and ovulation

Choopa et al. (2015),
Dzemo et al. (2022).

Reduced GnRH — reduction in LH —
Reduced testosterone production

Mapholi et al. (2013),
Shaik et al. (2024);
Abril-Sanchez et al. (2018)

Dzemo et al. (2022),
Johnson et al. (2023),

Irregular or anovulatory cycles

Ahmed et al. (2023),
Martinez et al. (2021).

Implantation failure and lower conception rates

Smith et al. (2008),
Baxter et al. (2016),
Schwab et al. (2012),
Rakers et al. (2015).

Elevated risk of abortion and fetal growth restriction

Delayed parturition or weak uterine contractions Akbulut et al. (2021),

Zeinstra et al. (2023),

Reduced progesterone receptor expression Li et al. (2022),
Schwab et al. (2012);

Chniter et al. (2016)

Frontiers in Animal Science

Reduced libido and mating behavior Mapholi et al. (2013),

Thompson et al. (2019)

Shaik et al. (2024),
Abril-Sanchez et al. (2018)

Poor sperm motility, count, and morphology

Elevated sperm DNA fragmentation Shaik et al. (2024)

Reduced androgen receptor and protamine Mapholi et al. (2013)

gene expression

Shaik et al. (2024),
Mapholi et al. (2013),
Abril-Sanchez et al. (2018)

Suppressed steroidogenesis and
testicular function
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3.4 Number of studies per geographical
region

The 29 articles included in this review were conducted across a
range of geographical regions (Figure 3). The distribution highlights
a strong regional bias, with Europe, North America, South America
and South Africa leading this regional research imbalance. There is
limited data from tropical regions outside of Africa such as South
America and Southeast Asia despite their significant small ruminant
populations. This highlights the need and literature gap of
geographical diversity and region-specific research which ensures
a broader applicability of findings.

3.5 Study quality and risk of bias
assessment

A formal quality and bias assessment were conducted for all 29
studies using predefined criteria following the Cochrane Risk of Bias
Tool (Higgins et al, 2024). The domains focused on clarity of
objectives, sample size, breed identification, study design,
measurement consistency, and reporting of statistical outcomes.
The 29 articles had low risk. Across these 29 studies included in the
systematic review, 12 studies were rated as high quality. These
studies feature well-structured experimental or controlled
observational designs, clear breed documentation, standardized
hormone assays, and reported effective sizes or statistical
significance. Examples include studies by Dzemo et al. (2022),
Zhang et al. (2020), and Patel et al. (2022). Eleven (11) were
classified as moderate quality. These studies met most
methodological requirements but had smaller sample sizes,
absence of control groups, or incomplete reporting of hormone
assay methods. Examples include Choopa et al. (2015) and Ahmed
et al. (2023). Six (6) studies were rated as low quality, with missing
descriptions of hormone measurement protocols, small sample
sizes, lack of breed identification, and absence of comparative or
control data.

4 Discussion

4.1 Stress hormones and their
characteristics in sheep and goats

The systematic review outlined the primary stress hormones
and their specific characteristics in sheep and goats. Cortisol was
identified as the principal stress hormone, synthesized in the
adrenal cortex and released in response to various stressors,
including environmental changes, social dynamics, and
nutritional deficiencies. Stress hormones levels are commonly
high in dairy goats breeds such as Saanen and Toggenburg this is
due to regular handing and high metabolic demands of lactation.
While in meat goats breeds such as Boer goats, stress hormone
levels are lower due to their selection for growth over productivity.
The sheep wool breeds such as Dorper and Red Maasai, normally

Frontiers in Animal Science

10.3389/fanim.2025.1611896

have lower stress hormone response particularly for cortisol as
compared to other wool breeds such as Merino and Suffolk. The
multifaceted roles of cortisol were emphasized in regulating
metabolism, immune function, and reproduction, highlighting its
importance in overall animal health. Studies by Baker MA et al.
(2020) illustrated that chronic stress conditions result in sustained
elevations of cortisol levels. This significantly compromise
reproductive health and general well-being in small ruminants.
Understanding the role of cortisol is critical for developing
strategies aimed at minimizing stress in livestock. Cortisol acts
primarily through the hypothalamic-pituitary-adrenal (HPA) axis,
impacting various physiological processes. Elevated cortisol levels
can impair the release of reproductive hormones. As a result, this
disrupts the hypothalamic-pituitary-gonadal (HPG) axis, which is
crucial for gametogenesis. This connection underscores the
importance of continuous monitoring of stressors affecting
animals as prolonged exposure to cortisol can lead to significant
declines in fertility rates and reproductive efficiency.

Adrenaline is less discussed in the context of reproductive
physiology, but it plays a crucial role in severe stress response.
Adrenaline rapid release during stressful situations prepares the
animal for immediate action, influencing heart rate and energy
availability. Adrenaline effects are typically short-lived, but they can
rapidly disrupt reproductive hormone secretion and influence
ovulation cycles. Acute spikes in adrenaline can lead to delayed
ovulation or irregular estrous cycles, posing challenges for effective
breeding (Mapholi et al., 2013). The transient nature of adrenaline’s
impact necessitates a focus on managing acute stressors to prevent
negative effects on reproductive performance. Implementing
management strategies, such as minimizing handling stress
during breeding times, can help mitigate these acute impacts.

Glucocorticoids are a class of steroid hormones that includes
cortisol and are instrumental in the chronic stress response.
Prolonged exposure to elevated glucocorticoid levels has been
shown to disrupt normal reproductive processes (Ahmed et al,
2023). This leads to issues such as irregular estrous cycles and
reduced fertility rates. This review highlighted that the effects of
glucocorticoids are particularly pronounced in breeding situations,
where maintaining optimal hormonal balance is crucial for
reproductive success. Research has indicated that glucocorticoids
can cause anovulation and reduce sperm quality, which can have
lasting effects on herd productivity (Lee et al., 2021). Understanding
the distinctions and interactions between these stress hormones is
essential for effective management practices that prioritize
animal welfare.

4.1.1 Role of stress hormones in female
reproductive physiology

Stress has a major influence on reproductive physiology in female
small ruminants such as goats and sheep, primarily through altering
endocrine signaling pathways. Stress responses key hormonal
mediators such as catecholamines (noradrenaline and adrenaline),
glucocorticoids (cortisol) and corticotrophin releasing hormone
(CRH) interact with hypothalamic pituitary gonadal (HPG) axis.
This result in a significant disruption in reproductive functions of
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Trends in research publications on stress hormones in sheep and goats (2005-2024).

the animal. Under stress conditions hypothalamic-pituitary-adrenal
(HPA) axis activation causes increased secretion of adrenocorticotropic
hormone (ACTH) and CRH, which stimulates the release cortisol by
adrenal cortex. High levels of cortisol exert negative feedback effect on
hypothalamus and pituitary gland, leading to suppressing the release of
gonadotropin-releasing hormone (GnRH).

GnRH reduction diminishes the pulsatile secretion of follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) from
the anterior pituitary. FSH and LH play an important role in
oestrogen production, formation of ovarian follicles and
ovulation, hence their distraction impairs folliculogenesis, causes
delayed or absent ovulation, and disrupts estrous cyclicity. Severe
stress in female small ruminants can result in silent estrous or
anovulation and lower levels of oestrogen compromise behavioral
oestrous and reduces LH surge necessary for ovulation. This
hormonal imbalance can extend the length of the estrous cycle or
prevent it entirely, thereby reducing reproductive efficiency.

Regularly elevated glucocorticoids result to placental insufficiency,
fetal growth restriction, and increased abortion rates.

4.1.2 Role of stress hormones in male
reproductive physiology

In male small ruminants, the hormonal disruptions of primary
mediators of stress responses such as glucocorticoids (cortisol),
catecholamines (adrenaline and noradrenaline), and corticotropin-
releasing hormone (CRH) lead to impaired reproductive function,
mainly through suppression of testosterone production and
spermatogenesis. Under stress conditions, HPA axis activation
results in high levels of CRH and ACTH, leading to increased
cortisol secretion from the adrenal cortex. Cortisol applies negative
feedback on the hypothalamus and anterior pituitary, inhibiting the
release of GnRH. This result in reduced LH and FSH secretion
which are critical for testicular function. LH in males stimulates
Leydig cells to produce testosterone in the testes, which is a key

NUMBER OF STUDIES PER GEOGRAPHICAL
AREA

Europe
Egypt
Turkey

North America

South America

India

Continent/ country

Asia
China

South Africa

N

FIGURE 3
Number of studies per region included in the systematic review.

Frontiers in Animal Science

08

4 5
Number of study

frontiersin.org


https://doi.org/10.3389/fanim.2025.1611896
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Tada et al.

hormone for beginning and maintaining spermatogenesis, sexual
behavior, and secondary sex characteristics. Reduction in
testosterone due to severe stress, lead to reduced oligospermia
(sperm count), asthenozoospermia (sperm motility), sperm
morphology and teratozoospermia. The secretion of catecholamines
(adrenaline) causes vasoconstriction of testicular blood vessels, which
limit oxygen and nutrients to the testes. This temporary ischemia
together with increased oxidative stress can damage germ cells and
Sertoli cells, further impairing spermatogenesis. Stress related
hormonal changes influence males’ sexual behavior and libido,
further reducing reproductive success. The loss of testosterone and
associated mood changes can decrease mating interest and
performance. The suppression of LH due to induced cortisol
decreases secretion of testosterone, compromising spermatogenesis
and overall reproductive performance

4.2 Mechanisms of hormonal disruption on
reproductive physiology

The mode of action of stress hormones on reproductive
physiology was elucidated in this review, emphasizing the complex
hormonal pathways involved. Cortisol primary effects are mediated
through its interaction with the hypothalamic-pituitary-adrenal
(HPA) and hypothalamic-pituitary-gonadal (HPG) axes. Elevated
cortisol levels disrupt the normal functioning of the HPG axis,
impairing the release of gonadotropins, including luteinizing
hormone (LH) and follicle-stimulating hormone (FSH). These
hormones are crucial for gametogenesis and maintaining
reproductive hormone balance. Studies have shown that chronic
stress, resulting in elevated cortisol levels, correlates with significant
declines in fertility rates in both sheep and goats (Baker MA et al,
2020; Seckl & Holmes, 2021b).

When comparing the cortisol impact in sheep and goats to other
livestock species such as cattle, it is evident that fundamental
mechanisms remain similar but the degrees of sensitivity to stress
may vary. Cattle exhibit a different threshold for cortisol induced
disruptions in reproductive hormones, potentially leading to varying
fertility outcomes (Dyer et al., 2020; Miller et al., 2021). Understanding
these species-specific responses can guide farmers in tailoring
management practices that address the unique stressors affecting
each livestock species. In contrast, the role of adrenaline is primarily
associated with acute stress responses. The rapid release of adrenaline
prepares the animal for immediate challenges, influencing heart rate
and energy availability. The effects of adrenaline are typically short-
lived, but they can lead to transient fluctuations in hormone secretion,
which may affect reproductive physiology.

Adrenaline can alter ovulation timing and impair spermatogenesis,
presenting challenges for effective breeding (Burch et al., 2018; Johnson
et al, 2020). This acute response can be particularly pronounced in
species like pigs, where rapid effects of adrenaline have been noted to
have immediate consequences on reproductive timing (Tuchscherer
et al,, 2021). Recognizing these acute effects is essential for farmers to
mitigate stress during critical reproductive periods across various
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species. Glucocorticoids function similarly to cortisol by exacerbating
long-term reproductive issues when stress is chronic.

Prolonged exposure to elevated glucocorticoid levels disrupts
normal reproductive hormone signaling, leading to anovulation and
reduced offspring viability. This has been reported other studies
indicating that in different species such as horses, chronic stress has
shown even more pronounced effects on reproductive health
resulting in irregular estrous cycles and reduced fertility (Smith
and Sherman, 2022). Furthermore, studies in small ruminants have
demonstrated that stress induced hormonal imbalances can lead to
decreased fertility and increased pregnancy complications (Rani
et al.,, 2022). Understanding the comparative impacts of
glucocorticoids across species can provide valuable insights for
developing comprehensive management strategies. The interplay
of these hormones illustrates the complexity of managing
reproductive health not only in sheep and goats but also across
various livestock species. Understanding how stress hormones
interact with reproductive physiology in sheep can inform
practices in other species, where the implications of hormonal
imbalances might differ. Implementing species-specific
interventions can enhance reproductive health and productivity
(Mason et al., 2024). A schematic illustration of the physiological
pathways of stress-induced reproductive dysfunction in sheep and
goats is show on Figure 4.

4.3 Factors affecting levels of stress
hormones

Factors influencing stress hormone levels in sheep and goats
were thoroughly assessed, revealing a multifactorial relationship
involving environmental, nutritional, and social dynamics.

Housing conditions emerged as a critical factor while
inadequate space, poor ventilation, and overcrowding linked to
elevated cortisol levels. Mokoena JC et al. (2021) demonstrated that
animals kept in cramped and poorly maintained environments
exhibited heightened stress responses, adversely affecting their
reproductive health. This correlation between housing quality and
stress levels underscores the need for improved management
practices that prioritize animal comfort and well-being.

Nutrition played a vital role in determining stress hormone
levels. Research has shown that nutritional deficiencies can lead to
increased cortisol levels, negatively impacting reproductive
performance. Ravi et al. (2020) found a direct relationship
between poor nutrition and elevated stress hormones, indicating
that balanced diets rich in essential nutrients are critical for
mitigating stress and enhancing reproductive health. The review
emphasized that ensuring adequate nutrition is not only important
for overall health but also essential for maintaining optimal
hormonal balance in breeding situations.

Social dynamics within flocks can further exacerbate stress
hormone levels. Competitive interactions, social hierarchies, and
the presence of aggressive individuals contribute to heightened
stress, particularly in confined environments. The review
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highlighted that addressing social dynamics is a key component in
managing overall animal health. Brandl and Farine (2024)
emphasized that managing social interactions can significantly
mitigate stress responses in small ruminants.

4.4 Implication of stress hormones on the
reproductivity of sheep and goats

The influence of stress hormones on the reproductive health of
sheep and goats has emerged as a critical area of research,
highlighting the intricate interplay between hormonal regulation
and animal welfare. Stress hormones, particularly cortisol and
glucocorticoids, play significant roles in modulating various
physiological processes, including those directly related to
reproduction. Understanding how these hormones affect
reproductive outcomes is essential for improving fertility rates
and overall herd health. At the core of this discussion is the
understanding of how stress hormones disrupt the normal
functioning of the reproductive axis. Cortisol primarily exerts its
effects through the hypothalamic-pituitary-adrenal (HPA) axis,
which in turn influences the hypothalamic-pituitary-gonadal
(HPG) axis.

Elevated cortisol levels can impair the secretion of gonadotropins
such as luteinizing hormone (LH) and follicle-stimulating hormone
(FSH). These hormones are crucial for gametogenesis and the regulation
of reproductive cycles. Research has demonstrated that chronic
exposure to high cortisol levels correlates with significant declines in
fertility rates, disrupted estrous cycles, and delayed ovulation (Seckl and
Holmes, 2021a). In studies conducted in Africa and Asia, similar
findings were reported, where high cortisol levels negatively impacted
reproductive efficiency in sheep and goats (Mahmood et al., 2020; Ali
et al,, 2023). This hormonal disruption can lead to anovulation in ewes
and significantly impair sperm production and quality in rams,
ultimately affecting breeding success. The negative influence of stress
hormones extends beyond hormonal imbalances to include direct effects
on gametes. Elevated glucocorticoid levels have been associated with
reduced sperm motility and viability in rams, compromising their
reproductive potential.

Studies have shown that stress can lead to morphological
changes in sperm, further impacting fertility (Ravi et al., 2020). In
ewes, high levels of stress hormones can disrupt ovulation and lead
to irregular estrous cycles, reducing the likelihood of successful
breeding. Research conducted in South Asia has highlighted the
correlation between stress-induced hormonal changes and
decreased conception rates in sheep. The cumulative effect of
these hormonal changes manifests as lower conception rates and
increased incidence of pregnancy complications, underscoring the
importance of managing stress to enhance reproductive
performance. The implications of chronic stress exposure on
reproductive health are profound. Long-term elevation of stress
hormones can lead to persistent hormonal imbalances, significantly
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impacting breeding cycles and overall reproductive success
(Mokoena et al., 2021).

The review indicates that prolonged stress exposure can disrupt
immediate reproductive functions and have lasting effects on fertility
across subsequent breeding seasons. This is particularly concerning in
commercial settings where maximizing reproductive efficiency is
essential for profitability. Studies in various African settings have
echoed these concerns, showing that chronic stress negatively impacts
reproductive health in small ruminants, thereby affecting farmers’
livelihoods (Chauhan et al., 2023). Understanding the long-term
consequences of stress on reproductive health emphasizes the need
for proactive management strategies that prioritize animal welfare.

To mitigate the detrimental effects of stress hormones on
reproduction, effective management strategies are imperative.
Optimizing housing conditions such as providing adequate space,
ventilation, and environmental enrichment can significantly reduce
stress levels in sheep and goats. Additionally, ensuring balanced
nutrition is crucial as deficiencies in key nutrients can exacerbate
stress responses and disrupt hormonal balance. Research in East
Africa has shown that well-balanced diets improve overall animal
health and reproductive outcomes (Ng’eno et al., 2020).
Implementing best practices in handling procedures, such as
gentle handling and minimizing sudden disruptions, can also
alleviate stress. Farms employing these strategies report improved
reproductive outcomes, demonstrating the positive impact of
targeted management on fertility (Baker JA et al., 2020).

Ethical implications of managing stress in livestock cannot be
overlooked. As societal expectations regarding animal welfare
continue to evolve, understanding the influence of stress
hormones on reproduction becomes increasingly relevant.
Effective stress management enhances reproductive performance
and aligns with the growing emphasis on animal welfare in
agricultural practices. By prioritizing the well-being of sheep and
goats, farmers can foster a more sustainable and humane approach
to livestock management.

4.5 Limitations and research gaps

The review provides critical insights into the effects of stress
hormones on reproductive functions in sheep and goats; however,
several limitations were identified. A substantial number of
potentially relevant studies were excluded due to restricted access,
non-English language, or unavailability of full texts, which may have
narrowed the scope of the analysis.

The systematic review revealed considerable variability in the
methodologies of the included studies, which limits the strength
and comparability of the findings. There was substantial variation in
the design, measurement techniques, and reporting standards
across the included studies. While some employed randomized
trials or controlled experiments, others were observational with less
rigorous control over confounding variables. In many cases, sample
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FIGURE 4
Schematic illustration of pathways for stress-induced reproductive
dysfunction in sheep and goats.

sizes were small, reducing the statistical power and generalizability
of the findings. Moreover, several studies lacked control groups or
baseline comparisons, making it difficult to attribute reproductive
outcomes solely to stress hormone levels.

A key limitation across studies was the lack of standardization
in stress hormone measurement. Some used plasma cortisol, while
others relied on fecal, salivary, or urinary samples. The timing of
sample collection (e.g., time of day, reproductive phase,
environmental exposure) was often unspecified or varied widely.
This inconsistency reduces the comparability of findings and limits
the ability to synthesize results meaningfully across different
geographic and production settings. Although breed related
variation in stress response is well documented, only a few studies
stratified results by breed. This limits the applicability of findings,
particularly in regions with diverse indigenous and crossbred
animal populations. Most studies were short-term or cross-
sectional, offering only snapshot perspectives on hormonal
stress and reproductive impacts. Longitudinal studies tracking
animals across reproductive cycles or seasonal variations were
notably lacking.

There was an evident geographical skewness in the research,
with over half of the studies originating from South Africa, China,
and Australia. This highlights a significant gap in research from
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underrepresented but critical livestock regions such as South
America, Southeast Asia, and parts of East and West Africa. As a
result, the findings may not fully reflect global small ruminant
production environments.

4.6 Future research directions

To address the limitations identified in this review and
strengthen the evidence base on the impact of stress hormones on
reproductive functions in sheep and goats, several targeted research
avenues are recommended. There is an urgent need for longitudinal
studies that monitor animals over multiple reproductive cycles or
across different seasons to capture the cumulative effects of chronic
stress exposure on fertility outcomes. The future research should
include breed specific investigations, particularly involving
indigenous and crossbred animals in tropical and subtropical
regions. Since stress responses and reproductive resilience vary
significantly by genotype, such studies would allow for the
development of more tailored breeding and management strategies.

Moreover, controlled trials evaluating nutritional and
environmental interventions are critical. These should test the
effects of dietary supplementation, improved housing design and
low stress handling techniques on both hormone levels and
reproductive outcomes. Such intervention-based studies are not
only more applicable to farm-level decision making but can also
inform policy and extension services aimed at improving small-
holder productivity. Future studies should also integrate hormonal
measurements with behavioral and physiological indicators of stress
to build a more holistic understanding of animal welfare and
reproductive health.

5 Conclusion

The systematic review highlights the significant impact of stress
hormones on the reproductive health of sheep and goats, showing a
complex relationship that affects both animal welfare and farming
productivity. Elevated levels of cortisol and glucocorticoids linked
to chronic stress disrupt the hypothalamic-pituitary-gonadal axis,
leading to negative outcomes such as reduced fertility, irregular
estrous cycles, and lower sperm quality. These findings emphasize
the need to understand the biological processes behind hormonal
responses to create effective management strategies for better
reproductive health and performance. The various factors that
influence stress hormone levels including environmental,
nutritional, and social aspects. Therefore, this emphasizes the
importance of a holistic approach to livestock management.
Evidence suggests that improving housing conditions, providing
balanced nutrition, and using better handling practices can
significantly reduce stress responses and improve reproductive
outcomes. As the livestock industry increasingly focuses on
animal welfare, managing stressors is crucial not only for
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enhancing reproductive performance but also for meeting society’s
expectations regarding humane treatment. Future research should
explore combined strategies that link reproductive health insights
with practical management solutions, fostering a healthier
environment for sheep and goats. Stress hormones, particularly
cortisol, create a cascade of inhibitory effects on the HPA-HPG axis,
leading to a profound negative impact on both male and female
reproductive processes in sheep and goats, ultimately reducing
fertility and reproductive success.
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