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Abstract

Background: Psychological stress is common among individuals with infertility or undergoing
treatment, but its relationship with reproductive outcomes remains uncertain, with heterogeneous
human findings and complementary animal evidence on possible mechanisms. This review synthe-
sized human and animal evidence on psychological stress and reproductive outcomes, focusing on
ART outcomes, gamete/embryo parameters, reproductive endocrine pathways, dyadic/psychoso-
cial effects, and psychological interventions.

Methods: PubMed/MEDLINE, Scopus, and Web of Science were searched from inception to Sep-
tember 5, 2026, for human studies examining psychological, perceived, infertility-related, or phys-
iological stress, plus relevant reviews and meta-analyses, alongside animal studies on stress and
reproductive, gamete, embryo, endocrine, or fertility outcomes. Given heterogeneity, findings were
synthesized narratively, with human and animal evidence analyzed separately.

Results: Human evidence showed no consistent association between female stress and definitive
ART outcomes (pregnancy, embryo-related outcomes), though some stage-specific associations
during IVF emerged. In men, stress was linked to adverse semen/sperm parameters, potentially via
oxidative and neuroendocrine pathways. Dyadic stress affected relationship functioning, coping,
and treatment persistence. Interventions generally improved stress, anxiety, depression, and coping,
but effects on reproductive outcomes were inconsistent. Animal studies showed stress can alter
ovarian function, folliculogenesis, oocyte competence, uterine function, implantation, spermato-
genesis, and endocrine regulation.

Conclusion: Human evidence does not support a simple causal link between stress and ART suc-
cess; associations vary by sex, timing, stress measurement, endpoint, and study design. Animal
models support biological plausibility but cannot establish human causality. Interventions consist-
ently benefit well-being, while reproductive effects remain uncertain.

Keywords: Infertility; Assisted Reproductive Technology; Psychological Stress; In Vitro Fertili-
zation; Psychological Adaptation; Male Infertility

Introduction

Infertility and its treatment represent substantial medical and psychological challenges for individ-
uals and couples. Assisted reproductive technologies (ART), particularly in vitro fertilization (IVF),
have become the established treatment modalities for infertility; however, treatment often involves
repeated procedures, uncertainty regarding treatment success, financial and logistical demands, hor-
monal treatment, and emotionally demanding decision-making. These factors may contribute to
substantial psychological burden, including perceived stress, anxiety, and depressive symptoms,
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among both women and men undergoing fertility treatment. Infertility and its treatment may there-
fore represent a shared stressor for couples rather than an experience restricted to the female patient.
Previous literature has documented substantial psychological burden among individuals undergoing
ART, although the magnitude and clinical consequences of this burden vary across studies [1-3].

Perceived stress refers to the extent to which individuals appraise the demands of their circum-
stances as unpredictable, uncontrollable, or overwhelming [4]. During infertility treatment, per-
ceived stress may arise from the infertility diagnosis itself, treatment-related procedures, uncertainty
regarding outcomes, financial burden, concerns regarding treatment failure, and previous unsuc-
cessful treatment experiences [5]. Importantly, psychological stress is not experienced exclusively
by the female patient. Infertility is a shared experience that may affect both partners and may influ-
ence communication, coping, relationship functioning, and treatment persistence. However, per-
ceived stress should be distinguished from broader psychological constructs such as anxiety and
depression, because it reflects an individual's subjective appraisal of stressors rather than the pres-
ence of a specific psychiatric condition. This distinction is particularly relevant when interpreting
evidence on ART outcomes, because studies have used heterogeneous measures of stress, including
self-reported perceived stress, anxiety-related measures, life-event measures, and physiological bi-
omarkers [6].

Several biological pathways have been proposed through which psychological stress and related
physiological stress responses could influence reproductive function. Activation of the Hypotha-
lamic—Pituitary—Adrenal (HPA) axis and sympathetic nervous system (SNS) may alter glucocorti-
coid and catecholamine signaling and interact with Hypothalamic—Pituitary—Gonadal (HPG) axis
[7]. Experimental and clinical studies have suggested potential effects on reproductive hormone
regulation, ovarian function, follicular development, spermatogenesis and sperm function [7, 8].
Oxidative stress has also been proposed as one potential biological pathway through which psycho-
logical stress may affect male reproductive function. However, these mechanisms should be re-
garded as biologically plausible pathways rather than established explanations for poorer ART out-
comes. Evidence from prospective human studies indicates that physiological and psychological
stress may vary substantially across stages of IVF and does not consistently predict fertilization,
embryo quality, or clinical pregnancy [9, 10].

Evidence concerning female psychological stress and IVF outcomes is heterogeneous. Some
studies have reported associations between psychological stress or anxiety and intermediate repro-
ductive parameters, whereas others have found no clear association with pregnancy outcomes. A
meta-analysis of prospective studies examining pre-treatment emotional distress, particularly anxi-
ety and depression, found no significant overall association between emotional distress and preg-
nancy outcome following ART [6]. More recently, a systematic review examining stress at different
stages of IVF reported that stress was most consistently associated with the oocyte-retrieval stage,
whereas evidence for an association with fertilization was more limited and the association with
pregnancy rate was weak [8]. These findings suggest that the relationship between psychological
stress and ART success may not be uniform across the treatment process and may depend on the
timing and method of stress assessment, the reproductive endpoint examined, and characteristics of
the study population.

Male psychological stress represents another potentially important but comparatively less stud-
ied domain. Human studies have investigated associations between perceived stress and semen qual-
ity, including sperm concentration, motility, and morphology, but findings have not been entirely
conclusive [11, 12]. Prospective and observational studies have reported differing associations be-
tween perceived stress and semen parameters, illustrating the importance of study population, stress
measurement, outcome definition, and potential confounding when interpreting the relationship be-
tween male stress and reproductive function [11, 13]. Moreover, associations between perceived
stress and semen parameters should not automatically be interpreted as evidence of impaired ferti-
lization, pregnancy, or live birth, because semen quality represents an intermediate reproductive
outcome and does not necessarily translate into clinical ART outcomes.

Human and animal evidence should be interpreted differently, because they address different
aspects of the stress—reproduction relationship. Human studies are generally observational and may
be affected by multiple potential confounders, including age, infertility diagnosis, socioeconomic
circumstances, treatment prognosis, lifestyle, relationship factors, and previous treatment experi-
ence. Stress is also frequently assessed using self-report instruments that capture subjective ap-
praisal rather than a single standardized biological exposure [4]. Experimental animal studies, in
contrast, permit controlled manipulation of stress exposure and detailed investigation of neuroen-
docrine and reproductive mechanisms. Several animal studies have reported alterations in ovarian
function, follicular development, oocyte maturation, ovarian reserve, and oocyte viability following
experimentally induced chronic stress exposure [14-16]. In male animals, experimental stress has
also been associated with alterations in sperm quality, neuroendocrine regulation of reproduction,
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and fertility [17, 18]. These experimental findings provide biological plausibility for a link between
stress and reproductive function, but they cannot by themselves establish that similar mechanisms
or effects occur in humans.

Importantly, findings from human and animal studies may appear inconsistent without neces-
sarily representing a true contradiction. Experimental animal models can demonstrate causal and
mechanistic effects of controlled stress exposure on reproductive tissues and biological pathways,
whereas human studies examine complex, multi-dimensional psychological stress occurring within
real-world social, medical, and behavioral contexts. Differences in the type, intensity, duration, and
timing of stress exposure, the use of experimentally controlled versus self-reported measures, the
reproductive endpoints assessed; and the degree of control over potential confounding factors can
therefore produce different patterns of findings [4]. Moreover, animal stress paradigms may not
fully reproduce the chronic, subjective, and context-dependent stress experienced by patients un-
dergoing infertility treatment. Experimental studies in rodents, for example, have reported altera-
tions in ovarian reserve, oocyte maturation, sperm quality, oxidative status, and reproductive func-
tion following chronic or experimentally induced stress exposure [14, 16-18]. However, these find-
ings provide biological and mechanistic plausibility rather than demonstrating that perceived stress
causes poorer ART outcomes in humans. Conversely, the absence of a consistent association in
human ART studies does not necessarily exclude biologically relevant stress-related mechanisms,
because any clinically meaningful effects may be small, stage-specific, mediated through interme-
diate reproductive parameters, or difficult to detect because of confounding and heterogeneity in
stress assessment [8, 10]. Thus, human and animal evidence should be considered complementary
rather than interchangeable: human studies are essential for evaluating associations with clinically
meaningful ART outcomes, whereas experimental models can provide mechanistic evidence and
help identify biological pathways that may underlie such associations.

Human studies should therefore be interpreted with particular attention to causal inference. Most
available clinical evidence is observational, and perceived stress is difficult to disentangle from
other characteristics that may influence both stress and infertility or treatment outcomes. Treatment
prognosis, socioeconomic circumstances, lifestyle, previous treatment failure, relationship function-
ing, and baseline psychological characteristics may influence both perceived stress and reproductive
outcomes. In addition, stress may itself change during different stages of IVF, making the temporal
relationship between stress exposure and reproductive outcome difficult to establish. Prospective
studies have illustrated this stage-specific variation, with psychological and physiological stress
sometimes increasing around oocyte retrieval and subsequently declining around embryo transfer
[10]. Consequently, associations between stress and ART outcomes should be interpreted cau-
tiously, and mechanistic findings from animal studies should not be used to infer clinical causality
in humans without corroborating human evidence [8].

Previous reviews have frequently focused on female patients, psychological distress, or specific
stages and outcomes of infertility treatment. For example, previous syntheses have examined the
relationship between stress and ART outcomes in women [6], while more recent work has consid-
ered stress across individual stages of IVF [8]. However, these evidence streams remain fragmented,
particularly with respect to male psychological stress, semen quality, dyadic and psychosocial pro-
cesses, treatment persistence, stress-reduction interventions, and experimental evidence concerning
potential biological mechanisms. A comprehensive synthesis that considers these domains within a
single framework may therefore provide a more integrated interpretation of the field. Such an ap-
proach is also important because evidence concerning psychological stress, intermediate reproduc-
tive parameters, and clinical ART outcomes may not point in the same direction, and because mech-
anistic evidence from experimental models cannot be assumed to translate directly into clinical ef-
fects in humans.

Accordingly, this structured thematic narrative review aims to synthesize the available evidence
on perceived stress and ART-related reproductive outcomes while maintaining a clear distinction
between human clinical evidence and experimental animal evidence. Specifically, we examine: (1)
female psychological stress and ART outcomes; (2) embryological and ovarian parameters, includ-
ing oocyte, fertilization, and embryo-related outcomes; (3) male psychological stress and semen
quality; (4) dyadic and psychosocial effects of infertility-related stress, including communication,
coping, relationship functioning, and treatment persistence; (5) stress-reduction and psychosocial
interventions relevant to ART; and (6) potential biological mechanisms identified in experimental
animal models. By separating these domains, this review seeks to clarify which associations are
supported by human clinical evidence, which findings primarily provide mechanistic or biological
plausibility, and where important uncertainties remain. In particular, the review addresses whether
apparently inconsistent findings across human and animal studies can be explained by differences
in study design, stress exposure, outcome assessment, and causal inference, thereby providing a
more balanced interpretation of the current evidence on perceived stress and ART outcomes.
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Materials and Methods

Review Design and Approach

This study was conducted as a structured thematic narrative review to identify, organize, and syn-
thesize the available evidence concerning the relationship between psychological stress and repro-
ductive outcomes in the context of infertility and ART. The review incorporated human clinical
evidence and experimental animal evidence. These evidence streams were considered separately
because of substantial differences in study populations, stress exposures, experimental conditions,
reproductive endpoints, and implications for clinical practice.

Given the heterogeneity of the available literature with respect to study designs, populations,
stress assessment methods, ART characteristics, experimental models, and outcome definitions, the
evidence was synthesized narratively and thematically rather than quantitatively.

Research Question and Objectives

The primary research question was: What evidence exists regarding the relationship between psy-
chological or perceived stress and reproductive outcomes among individuals experiencing infertility
or undergoing ART, and what biological mechanisms linking stress to reproductive dysfunction
have been demonstrated in experimental animal models?

The specific objectives were to:

1. synthesize evidence concerning psychological or perceived stress and ART outcomes in
women and men;

2. examine associations between stress and intermediate reproductive outcomes, including
ovarian, oocyte, embryo, semen, and sperm parameters;

3. examine evidence concerning reproductive endocrine and biological pathways potentially
linking stress with reproductive dysfunction;

4. synthesize experimental animal evidence concerning the effects of acute or chronic stress
on ovaries, uterine, oocytes, embryo, testicles, sperm, and reproductive endocrine function;

5. examine dyadic and psychosocial consequences of infertility-related stress, with particular
emphasis on fertility treatment, relationship functioning, coping, and treatment persistence;
and

6. evaluate the effects of psychological and psychosocial interventions on stress, anxiety, de-
pression, coping, psychological well-being, and reproductive outcomes.

Literature Search
A literature search was conducted in PubMed/MEDLINE, Scopus, and Web of Science from data-
base inception to September 5, 2026.

The search strategy combined terms relating to infertility and ART with terms relating to psy-
chological or physiological stress. Terms relating to infertility and ART included, but were not lim-
ited to, “infertility,” “in vitro fertilization,” “IVF,” “assisted reproductive technology,” “ART,”
“ICSL” and “fertility treatment.” Stress-related terms included “perceived stress,” “psychological
stress,” “infertility stress,” “psychological distress,” “anxiety,” “cortisol,” “hypothalamic-pituitary-
adrenal axis,” “HPA axis,” “dyadic coping,” and related terms. Additional reproductive outcome
terms, including “oocyte,” ” ” “pregnancy,” “live birth,” “sperm,” “semen,”

99 ¢ 29 <
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embryo,” “implantation,
and “reproductive function,” were incorporated where appropriate.

The search was designed to identify literature relevant to the objectives of the review. Reference
lists of relevant articles and reviews were also examined manually to identify additional publications
that were considered relevant to the scope of the review.

Eligibility Criteria

Eligible human evidence included RCTs, and observational studies, ie. Cohort, cross-sectional and
case control. Observational and longitudinal studies were considered when they evaluated associa-
tions between psychological, perceived, infertility-related, or physiological stress and reproductive,
ART-related, or psychosocial outcomes. Randomized controlled trials were included primarily
when they evaluated psychological or psychosocial interventions targeting stress, anxiety, depres-
sion, coping, or related psychological outcomes, with reproductive or treatment-related outcomes
considered when reported. Systematic reviews and meta-analyses were used as secondary evidence
to contextualize and compare findings from primary studies, while narrative reviews were consid-
ered for background and mechanistic context.

https://doi.org/10.18502/jimpc.v9i1.22980
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Eligible experimental animal studies included controlled studies of acute, chronic, restraint, un-
predictable, prenatal, or glucocorticoid-related stress paradigms in which relevant ovarian, uterine,
oocyte, embryo, testicular, sperm, endocrine, or fertility outcomes were assessed.

Studies were excluded if they were unrelated to psychological or physiological stress, relevant
reproductive or ART outcomes, or stress-related interventions, focused solely on technical aspects
of ART without a relevant stress component, were conference abstracts or reports with insufficient
methodological information, or lacked sufficient information regarding the population/model, stress
exposure or intervention, and relevant outcomes. Systematic reviews, meta-analyses, and narrative
reviews were not counted as additional primary empirical studies.

Literature Identification and Selection
Potentially relevant publications were identified through database searches and manual examination
of reference lists.

The selection of literature was conducted through review of titles, abstracts, and, where appro-
priate, full texts to determine relevance to the predefined objectives and eligibility criteria. Because
this review was designed as a structured thematic narrative synthesis rather than a systematic review,
study selection was based on relevance to the research questions and thematic scope rather than a
formal PRISMA-based screening process.

Relevant publications were subsequently organized according to evidence type and thematic
domain.

Data Organization and Extraction
Data were organized using a structured framework developed for the review. The following infor-
mation was considered where available:

e Publication characteristics, including author, publication year, and country;
e Study design;

e Human population characteristics or animal model;

e Sample size;

o Infertility and ART characteristics, where applicable;

e Type, timing, duration, and measurement of stress exposure;

e Psychological stress instruments or physiological stress markers;

e Psychological or psychosocial intervention characteristics, where applicable;
e Reproductive and ART outcomes;

e Psychological and psychosocial outcomes;

e Relevant endocrine, molecular, or biological mechanisms;

e Principal findings; and

e Methodological limitations.

For human studies, particular attention was given to the distinction between intermediate repro-
ductive parameters and definitive ART outcomes, including clinical pregnancy and live birth. For
animal studies, the timing, duration, intensity, and experimental nature of the stress exposure were
considered when interpreting reproductive effects.

Organizing Evidence and Critical Considerations

The literature was organized according to study type and thematic relevance. Rather than assigning
a single numerical quality score, methodological limitations and potential sources of uncertainty
were considered qualitatively when interpreting the evidence.

Particular caution was applied when interpreting findings from studies with small sample sizes,
self-reported stress measures, potential confounding, heterogeneous outcome definitions, or other
important methodological limitations.

Evidence Classification
Because the review incorporated multiple forms of evidence, publications were considered sepa-
rately according to evidence type.

Primary human studies constituted the principal evidence base for conclusions concerning clin-
ical associations between psychological stress and ART outcomes. Systematic reviews and meta-
analyses were used as secondary evidence to contextualize findings across primary studies. Narra-
tive reviews were used primarily for contextual or mechanistic background. Experimental animal
studies were analyzed separately as mechanistic evidence.

https://doi.org/10.18502/jimpc.v9i1.22980
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Accordingly, different evidence types were not treated as equivalent units of evidence. This dis-
tinction was maintained to reduce the risk of double-counting evidence and to avoid interpreting
secondary or mechanistic evidence as equivalent to direct clinical evidence.

Thematic Synthesis

Given the substantial heterogeneity in study design, population characteristics, stress measurements,
ART protocols, intervention characteristics, experimental animal models, and outcome definitions,
findings were synthesized narratively and thematically.

Human evidence was organized into the following domains:

1. Female psychological/perceived stress and ART outcomes;

2. Ovarian, oocyte, and embryological parameters;

3. Male psychological/perceived stress and semen and sperm parameters;
4

Dyadic and psychosocial consequences of infertility-related stress, including coping, rela-
tionship functioning, and treatment persistence; and

5. Psychological and psychosocial interventions during infertility treatment.
Experimental animal evidence was synthesized separately according to:

1. Ovarian and female reproductive function;

2. Uterine function and implantation-related processes;

3. Oocyte and embryo competence; and

4. Testicular, sperm, and male reproductive function.

Where relevant, reproductive endocrine and biological pathways, including HPA axis activity,
glucocorticoid signaling, oxidative stress, and related molecular pathways, were considered as po-
tential mechanisms rather than as direct evidence of clinical causality.

Within each thematic domain, findings were interpreted according to the direction and con-
sistency of reported associations, the method used to assess stress, timing of stress exposure, study
design, outcome definition, sample characteristics, and methodological limitations.

Particular attention was given to distinguishing intermediate reproductive outcomes, such as oo-
cyte or semen parameters, from definitive clinical ART outcomes, including clinical pregnancy and
live birth.

Human—-Animal Evidence Integration and Translational Considerations
Human clinical and experimental animal evidence were maintained as separate evidence streams
throughout the synthesis. Animal studies were considered primarily as evidence of biological plau-
sibility and potential mechanisms linking stress exposure to reproductive dysfunction rather than as
direct evidence of clinical ART effects in humans.

The translational relevance of animal findings was considered in light of differences in species-
specific reproductive biology, stress induction methods, exposure intensity and duration, timing rel-
ative to reproductive events, experimental control, and outcome measurement.

In particular, experimentally induced stress in animal models may involve controlled or rela-
tively intense exposures that differ substantially from the multifactorial, variable, and often self-
reported psychological stress experienced by patients undergoing infertility treatment. Therefore,
mechanistic findings from animal models were not interpreted as establishing causality in human
ART populations.

Animal evidence was considered complementary to human clinical evidence and was used to
identify potential biological pathways that may help explain observed clinical associations and
guide future translational research.

Results

The included literature comprised human observational and interventional studies, systematic re-
views and meta-analyses, as well as experimental animal studies investigating the relationship be-
tween psychological stress and reproductive outcomes. Because of substantial heterogeneity in
study populations, study designs, stress measures, experimental stress paradigms, and reproductive
outcomes, the findings were synthesized narratively rather than quantitatively. The human evidence
primarily addressed perceived stress, infertility-related stress, psychological distress, cortisol and
related psychosocial factors in individuals or couples undergoing fertility treatment. The animal
literature primarily examined experimentally induced acute or chronic stress and its effects on ovar-
ian function, oocyte competence, uterine receptivity, implantation, spermatogenesis, endocrine reg-
ulation, and fertility-related outcomes. Overall, human studies showed heterogeneous associations

https://doi.org/10.18502/jimpc.v9i1.22980
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between psychological stress and ART outcomes, whereas experimental animal studies provided
more consistent evidence of alterations in reproductive physiology following acute or chronic stress
exposure. Psychological interventions generally improved stress, anxiety, depressive symptoms,
and psychological adjustment, while their effects on pregnancy and other reproductive outcomes
were less consistent.

Female Perceived Stress and ART Outcomes

Human evidence concerning the association between psychological stress and ART outcomes is
heterogeneous, with findings varying according to the method and timing of stress assessment, the
stage of IVF, and the reproductive endpoint examined [8, 9]. Table 1 summarizes the principal hu-
man studies examining associations between perceived stress and ART-related outcomes.

Clinical pregnancy and live birth: Cesta et al. (2018) prospectively evaluated perceived stress,
infertility-related stress, and cortisol levels in women undergoing IVF and found no statistically
significant association between these stress measures and embryo quality or clinical pregnancy rate.
These findings indicate that, in this IVF population, the assessed psychological and physiological
stress measures were not significantly associated with clinical pregnancy [19].

A broader systematic review by Zanettoullis et al. (2024) evaluated 36 studies examining stress
at different stages of the IVF process. Rather than demonstrating a uniform effect across the entire
treatment cycle, the review identified stage-specific associations. The oocyte-retrieval stage showed
the most consistent association with both acute and chronic stress, while evidence concerning ferti-
lization was more limited. The association between stress and pregnancy rate was comparatively
weak [8]. Thus, the available literature suggests that psychological stress may be more readily as-
sociated with some intermediate IVF processes than with definitive treatment outcomes such as
clinical pregnancy. These findings should be interpreted cautiously. Differences among studies in
the timing and instruments used to assess stress, the biological markers examined, ovarian stimula-
tion protocols, patient characteristics, and definitions of reproductive success may contribute to ap-
parently inconsistent findings. Furthermore, observational studies cannot readily distinguish an in-
dependent association of stress from the possibility that underlying infertility severity, treatment
prognosis, or previous treatment experience influences both stress and reproductive outcomes.
Overall, current human evidence does not establish a consistent causal relationship between female
psychological or perceived stress and clinical pregnancy following ART, and evidence regarding
live birth remains limited.

Embryological Parameters

Embryological outcomes represent intermediate endpoints that may be associated with ART success
and through which stress-related processes could potentially influence reproductive outcomes.
However, the available human evidence does not establish a uniform relationship between perceived
stress and the number or quality of embryos generated during IVF [19] .

The systematic review by Zanettoullis et al. (2024) suggests that stress may be associated with
specific stages of the IVF process, with the strongest evidence observed around oocyte retrieval.
However, findings concerning fertilization and subsequent embryological development were less
consistent, and the relationship between stress and pregnancy outcomes was comparatively weak
[8].

It is important to distinguish these human findings from experimental animal evidence. For ex-
ample, a mouse study investigating ovarian gonadotropin stimulation under chronic psychosocial
stress reported alterations in oocyte characteristics following stress exposure [20]. Because this ev-
idence derives from an animal model, it should not be presented as evidence from human ART
populations and is therefore discussed separately in Section 3.2 [20].

Similarly, evidence showing that the number and quality of embryos transferred are associated
with live birth should not be interpreted as direct evidence that psychological stress affects embryo
quality. Such studies evaluate embryological predictors of ART outcome but do not necessarily
assess psychological stress and therefore cannot be used as direct evidence of a stress-related effect
[21].

Overall, the human evidence remains insufficient to determine whether psychological stress is
independently associated with clinically meaningful differences in embryo quality after accounting
for other determinants of ART outcome. Future studies should prospectively assess stress before
and during ovarian stimulation and relate these measurements to standardized embryological end-
points.

https://doi.org/10.18502/jimpc.v9i1.22980
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Male Perceived Stress and Semen Quality

Male psychological stress has received less attention than female psychological stress in ART re-
search, although several studies have reported associations between stress and intermediate male
reproductive parameters [22, 23].

Janevic et al. (2014) evaluated perceived stress, stressful life events, and work-related stress in
193 men and examined sperm concentration, motility, and morphology. Higher perceived stress was
inversely associated with sperm concentration, motility, and morphology after covariate adjustment,
whereas job strain was not associated with semen parameters [23]. Importantly, this study did not
assess sperm DNA fragmentation.

Other clinical and mechanistic literature suggests that psychological stress may influence male
reproductive function through neuroendocrine and oxidative pathways. Stress-related neuroendo-
crine and oxidative pathways have been proposed as potential mechanisms linking psychological
stress with male reproductive function. Alterations in testosterone and gonadotropin regulation, to-
gether with oxidative imbalance, may contribute to differences in sperm membrane function, motil-
ity, and other aspects of sperm quality [7, 24] .

However, the evidence should be interpreted with caution. Associations between stress and se-
men parameters should not be interpreted as evidence that psychological stress directly impairs fer-
tility, because semen quality is influenced by multiple biological, behavioral, environmental, and
clinical factors. Moreover, relatively few studies directly connect male psychological stress with
definitive ART outcomes such as fertilization, clinical pregnancy, or live birth.

Overall, Current evidence is more extensive for associations between male psychological stress
and semen quality than for associations with definitive ART outcomes. Future prospective studies
should simultaneously assess psychological stress, endocrine and oxidative biomarkers, semen qual-
ity, and ART outcomes to clarify potential biological pathways and temporal relationships (Table

1.

Table 1. Characteristics of the studies on human.

Stress exposure/inter-

Study Design Population Main outcome Overall interpretation Ref.
vention
Perceived stress, infer- Embryo quality,
Cesta et al.,, Prospective co- Women undergo- No significant association
tility-related stress,  clinical preg- [19]
2018 hort ing IVF with IVF outcomes
cortisol nancy
No overall association be-
Meta-analysis of Women undergo-
Boivin et al., Pretreatment emo- Clinical preg- tween pretreatment distress
prospective stud- ing ART (14 stud- [6]
2011 tional distress nancy and pregnancy following
ies ies, n=3,583)
ART
Zanettoullis Systematic  re- IVF  stage-spe- Heterogeneous and stage-
IVF populations Acute/chronic stress [8]
et al., 2024 view cific outcomes specific associations
Higher stress associated
Janevic et al., Observational
Men Life/work stress Semen quality with poorer semen parame- [23]
2014 study
ters
Martins et al., Systematic = re- Men undergoing Psychological ad-  Significant  psychological
Psychological distress [22]
2016 view ART aptation burden
Multiple psychosocial fac-
Gameiro et Systematic re- Fertility-treatment Treatment  dis-
Psychological burden tors associated with discon-  [44]
al., 2012 view patients continuation
tinuation
Systematic  re- Psychological Robust improvements in
Frederiksen Infertile women Psychosocial interven-
view/meta-analy- and  pregnancy both psychological well-be- [50]
etal., 2015 and men tions

sis

outcomes

ing and pregnancy rates
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Verkuijlen et
al., 2016

Effects on both outcomes
Mental health,

Cochrane  sys- Subfertilemenand Psychological/educa- uncertain due to very low-

tematic review

live  Dbirth/preg- [53]
women tional interventions quality evidence and high
nancy
risk of bias

Animal Studies
Unlike human studies, experimental animal studies allow more controlled investigation of the ef-

fects of acute or chronic stress exposure on reproductive physiology and fertility-related outcomes
[16, 17].

Female Reproductive Function in Animal Models

Animal studies have reported associations between chronic stress exposure and alterations in female
reproductive function, including changes in ovarian physiology, follicular dynamics, and oocyte
competence [25]. Experimental rodent models have reported that prolonged exposure to stressors
such as cold-water immersion, restraint stress, and chronic unpredictable stress is associated with
elevated glucocorticoid and corticosterone levels, estrous cycle irregularities, altered oocyte matu-
ration, and reduced oocyte viability [14, 16, 25]. In addition, stressed animals exhibit a higher pro-
portion of morphologically abnormal and developmentally arrested oocytes, indicating compro-
mised reproductive potential [16, 26]. Chronic stress exposure has also been associated with accel-
erated activation and depletion of primordial follicles, accompanied by diminished ovarian reserve
and features of premature ovarian aging [14, 27]. Potential mechanisms underlying these alterations
include activation of the PI3K/PTEN/Akt signaling pathway, dys-regulation of Kit ligand signaling,
increased Corticotropin-Releasing Hormone (CRH) activity [14], and enhanced ovarian apoptosis
involving the Fas/FasL pathway [28, 29]. Furthermore, maternal stress during pregnancy has been
associated with alterations in embryonic developmental competence, oocyte quality, and follicular
development [26]. Collectively, these findings suggest that chronic stress exposure may alter neu-
roendocrine and ovarian regulatory mechanisms and is associated with female reproductive dys-
function and fertility-related changes in animal models [25, 30].

Stress, Uterine Function, and Implantation

Experimental animal studies suggest that chronic stress exposure is associated with alterations in
ovarian and uterine function and reduced implantation-related outcomes [31]. Pre-gestational stress
exposure, particularly restraint stress in female rats, has been associated with reduced implantation
rates and pregnancy-related outcomes, alongside alterations in reproductive hormonal balance, fol-
licular development, and corpus luteum function [30, 32]. In addition, stress-related alterations in
the HPG axis have been associated with changes in the expression of uterine receptivity markers,
suggesting potential effects on the endometrial environment involved in embryo implantation [31,
33]. Furthermore, elevated glucocorticoid levels associated with chronic stress exposure have been
linked to alterations in decidualization and endometrial remodeling in mouse models, including
changes in genes involved in uterine cellular proliferation, differentiation, and decidual transfor-
mation [34, 35].

These molecular and endocrine alterations are associated with changes in uterine receptivity and
implantation-related processes, suggesting a potential role for stress-related physiological responses
in mechanisms involved in embryo implantation and early pregnancy maintenance [34, 35].

Oocyte and Embryo Quality
Animal studies have reported associations between stress exposure and alterations in oocyte com-
petence and embryo development [30, 36].

Exposure to stressors such as chronic cold-water immersion and maternal restraint stress has
been associated with impaired oocyte maturation, reduced oocyte viability, and an increased pro-
portion of morphologically abnormal oocytes [16]. In addition, stress exposure has been associated
with reduced developmental competence of embryos derived from affected oocytes, leading to com-
promised early embryogenesis [26, 36]. These alterations have been proposed to involve dys-regu-
lation of the HPA axis, changes in reproductive hormone secretion, elevated glucocorticoid levels,
and increased oxidative stress, which may affect follicular development, fertilization, and embryo
viability [36, 37]. Collectively, these findings suggest that chronic stress exposure may be associated
with reduced female reproductive potential through alterations in oocyte competence and embryo
development [30].
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Male Reproductive Function in Animal Models

Animal studies have reported that both acute and chronic stress exposure are associated with alter-
ations in male reproductive function, including endocrine regulation and sexual behavior [38]. Ex-
perimental findings in male rats indicate that stress exposure increases corticosterone levels while
simultaneously reducing testosterone concentrations, accompanied by alterations in sexual perfor-
mance and reproductive activity. Chronic stress exposure appears to produce more persistent repro-
ductive alterations than acute stress exposure, potentially involving dys-regulation of the HPG axis
and changes in androgen production [38, 39]. These findings suggest that prolonged activation of
the stress response system may alter neuroendocrine pathways involved in normal reproductive
function and may be associated with changes in male fertility-related outcomes [39, 40].

In addition to post-natal stress exposure, pre-natal stress exposure has been associated with long-
term alterations in reproductive capacity. Studies in rats have reported that pre-natal stress exposure
is associated with reduced sperm quality, fertility-related changes, and persistent alterations in re-
productive system development in the offspring [17, 41, 42]. These findings have been proposed to
involve altered developmental programming of the HPG axis during fetal life, which may contribute
to persistent changes in gonadal and hormonal function [41, 43]. Furthermore, chronic stress has
been associated with reduced gonadotropin secretion and impaired testicular activity, and may con-
tribute to alterations in fertility-related outcomes [40]. Collectively, these findings support a poten-
tial role for stress-related neuroendocrine alterations in male reproductive dysfunction in animal
models [38, 39] .

Translational Context of Animal Findings

Although experimental animal models provide controlled evidence regarding potential biological
pathways linking stress exposure with reproductive dysfunction, their findings cannot be directly
equated with clinical ART outcomes in humans. Animal stress paradigms, including restraint, cold-
water exposure, unpredictable stress, and pre-natal stress, differ substantially from the multifactorial
and predominantly self-reported psychological stress experienced by individuals undergoing infer-
tility treatment. Differences in species, stress intensity and duration, timing of exposure, reproduc-
tive physiology, experimental control, and outcome assessment may also limit direct translation to
human populations. Accordingly, the animal evidence in this review is interpreted primarily as
mechanistic and biologically plausible evidence rather than as direct evidence that psychological
stress causes poorer ART outcomes in humans. The complementary interpretation of these two ev-
idence streams is therefore important: human studies provide greater relevance to clinical and pa-
tient-centered outcomes, whereas animal models offer controlled opportunities to investigate poten-
tial reproductive, endocrine, and molecular pathways. These experimental findings are summarized
in Table 2.

Table 2. Characteristics of the studies on animal.

Reproductive out-

Study Model Stress exposure Main interpretation Ref.
come
Casillas et al., ) Oocyte matura-  Alterations in oocyte maturation and viability as-
Female rats Chronic stress ) o ) ) ) [16]
2021 tion/viability sociated with chronic stress exposure
Primordial  follicle
Xuetal., 2018 Female mice Chronic restraint stress o Altered follicular dynamics [14]
activation
] Chronic  unpredictable ] Changes in ovarian function and reserve associ-
Gao etal., 2020 Female mice Ovarian reserve ) ) [15]
stress ated with chronic stress exposure
Yuan et al, Mouse ovar- Glucocorticoid expo- Oocyte developmen- Alterations in oocyte developmental potential
[29]
2016 ian model sure tal potential with involvement of apoptotic pathways
Zheng et al., ] Stress-related glucocor-  Uterine receptiv-  Alterations in uterine receptivity and deciduali-
Female mice =~ ) ) o ) [34]
2020 ticoid exposure ity/decidualization zation-related processes
) Reduced blastocyst formation rate and develop-
) ] Predatory (psychologi- Oocyte developmen- ] ) )
Liu et al., 2012  Female mice mental potential following psychological stress [26]

cal) stress tal competence

exposure
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Retana-Mar-

quez et

2003

) Testosterone/sexual ~ Stress-related alterations in testosterone regula-
Acute/chronic stress ] ) ) [38]
behavior tion and sexual behavior

Garcia-Vargas

etal., 2019

Persistent alterations in sperm and fertility-re-
Prenatal stress Sperm/fertility lated outcomes following prenatal stress expo- [17]

sure

Dyadic and Psychosocial Effects

Within the context of infertility treatment, psychological distress may substantially affect psycho-
logical adaptation and coping, such as among men following unsuccessful medically assisted repro-
duction. Martins et al. (2016) highlighted the substantial psychological burden experienced by men
following unsuccessful medically assisted reproduction and noted that male distress may be under-
recognized when psychological responses are expressed through internalized or avoidant coping
strategies [22].

Psychosocial factors may also contribute to treatment discontinuation. Gameiro et al. (2012)
identified psychological distress, treatment burden, financial considerations, relational factors, and
perceptions of poor prognosis among factors associated with discontinuation of fertility treatment
[44]. Domar et al. (2018) similarly reported that treatment burden was an important reason for dis-
continuation among insured women, suggesting that discontinuation cannot be understood solely in
terms of treatment costs [45].

Taken together, these findings indicate that the clinical relevance of infertility-related stress ex-
tends beyond potential associations with reproductive outcomes. Psychological distress may affect
coping with treatment and persistence with fertility care, while the extent to which it influences
couple functioning or definitive ART outcomes remains uncertain. More ART -specific research is
needed to determine whether couple-based psychosocial interventions can improve psychological
well-being, treatment experience, or treatment persistence.

Stress-Reduction Interventions

Randomized trials and systematic reviews suggest that psychological interventions can improve
psychological outcomes among individuals undergoing infertility treatment, although evidence re-
garding effects on clinical pregnancy or live birth is less consistent.

Domar et al. (2011) evaluated a group mind—body intervention among women undergoing [VF
and reported improvements in psychological outcomes, together with an association between par-
ticipation in the intervention and pregnancy rates. Hosaka et al. (2002) similarly reported psycho-
logical and physiological changes following a psychiatric group intervention, although the clinical
relevance of changes in biological markers remains uncertain [46].

Other randomized studies have evaluated Cognitive Behavioral Therapy (CBT) and psychoso-
cial interventions. Faramarzi et al. (2008) reported that CBT improved depression and anxiety com-
pared to fluoxetine [47], Faramarzi et al. (2013) in another study found beneficial effects of CBT
on infertility-related stress [48]. Chan et al. (2006) also reported reductions in anxiety following a
psychosocial group intervention among women undergoing I[VF [49].

These intervention studies should be distinguished from observational and meta-analytic studies
examining whether psychological distress itself is associated with ART outcomes. In particular,
Boivin et al. (2011) conducted a meta-analysis of prospective psychosocial studies and did not eval-
uate an intervention. Their analysis included 14 studies involving 3,583 women and found no overall
association between pre-treatment emotional distress and pregnancy following ART [6].

Frederiksen et al. (2015) reported that psychosocial interventions were associated with signifi-
cant improvements in psychological outcomes and clinical pregnancy rates among individuals and
couples undergoing infertility treatment. Subsequent systematic reviews and meta-analyses have
generally supported beneficial effects of psychological interventions on infertility-related distress,
anxiety, depression, and psychological well-being, while also reporting modest improvements in
pregnancy rates. However, the evidence for reproductive outcomes remains less consistent, partic-
ularly for live birth, and is limited by substantial heterogeneity across interventions and populations,
methodological limitations, and risk of bias in many of the included studies. Overall, psychosocial
interventions appear to have a relatively well-supported role in reducing psychological distress and
improving psychological well-being during infertility treatment, whereas their ability to improve
reproductive outcomes, especially live birth, remains uncertain and requires confirmation in high-
quality randomized controlled trials [50-52].
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Clinically, this distinction is important. Patients should not be informed that stress reduction is
necessary to achieve pregnancy or that psychological distress causes ART failure. Instead, psycho-
logical support should be offered because infertility treatment is psychologically demanding and
because reducing distress may improve quality of life, coping, communication, and engagement
with treatment.

Discussion

The principal human and animal findings of this review, summarized in Tables 1 and 2, are inter-
preted below in relation to their clinical and mechanistic implications.

In women undergoing IVF, the available clinical evidence does not support a uniform detri-
mental effect of perceived stress on treatment success [6, 10, 19]. The apparent discrepancy between
null findings for clinical pregnancy and associations reported at selected stages of the IVF process
may indicate that, when present, stress-related effects are more likely to involve specific intermedi-
ate processes than the final probability of treatment success [8, 9, 19]. However, the clinical rele-
vance of such stage-specific associations remains uncertain, particularly because treatment success
is influenced by multiple biological and clinical determinants that may operate independently of
psychological stress [21].

The heterogeneity across individual studies is likely multi-factorial rather than attributable to a
single methodological difference. Variation in stress definitions and instruments [4], timing of as-
sessment, infertility diagnoses, patient characteristics, treatment protocols [3], and outcome defini-
tions may all influence the observed associations [8, 9]. Importantly, perceived stress is a dynamic
exposure that may change throughout an ART cycle and may also be influenced by treatment-related
experiences and expectations [3, 10]. Thus, a single pre-treatment stress measurement may not ad-
equately capture the temporal relationship between psychological stress and reproductive processes
[10, 19]. These considerations argue against treating stress as a uniform exposure with a predictable
effect across all stages of ART [8].

In men, the available evidence provides support for associations between psychological stress
and intermediate reproductive outcomes, particularly semen parameters, although findings are not
entirely consistent and direct evidence regarding final ART outcomes remains limited [13, 23]. Psy-
chological stress has been associated with poorer semen parameters, while oxidative and neuroen-
docrine pathways have been proposed as potential mechanisms [7, 24]. Nevertheless, the available
evidence remains insufficient to determine whether psychological stress independently influences
definitive ART outcomes such as fertilization, clinical pregnancy, or live birth [11, 12].

Experimental animal evidence provides an important mechanistic complement to human re-
search. The relative consistency of findings across controlled stress paradigms supports the biolog-
ical plausibility of stress-related effects on reproductive physiology, particularly through neuroen-
preted as evidence of a comparable magnitude or clinical effect in humans. Differences in species,
stress paradigms, exposure intensity and duration, reproductive physiology, and experimental con-
trol substantially limit direct translation to ART outcomes [25]. Thus, animal findings are most
appropriately viewed as evidence supporting possible biological mechanisms rather than as confir-
mation that psychological stress causes poorer ART outcomes in humans.

The psycho-social consequences of infertility are clinically important regardless of whether
stress directly alters ART success Infertility treatment may impose substantial emotional, physical,
financial, and logistical burdens [1, 2], and psychological distress may affect relationship function-
ing and treatment persistence [44, 45], while dyadic research suggests that stress and coping pro-
cesses may also operate interactively between partners [22].

Consequently, psycho-social care should be viewed primarily as a component of patient-cen-
tered fertility care rather than solely as a biological intervention intended to increase pregnancy rates
[3].

The evidence regarding psychological interventions is similarly nuanced. Cognitive-behavioral,
mind-body, and other psycho-social interventions can improve psychological outcomes, including
anxiety, depressive symptoms, stress, and coping [46-49]. However, reproductive outcomes have
been less consistently improved. Thus, the most defensible clinical interpretation is that psycholog-
ical interventions have established value for patient well-being, while evidence for a direct enhance-
ment of ART success remains uncertain [53].

The findings support the integration of psycho-social care into fertility treatment primarily to
address the substantial psychological burden associated with infertility and ART [1, 2, 5]. Brief
validated psychological instruments may help identify patients experiencing clinically meaningful
stress, anxiety, or depressive symptoms, particularly at key stages of treatment [4, 5]. Patients with
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significant psychological distress should have access to evidence-based psychological interventions,
including cognitive-behavioral approaches, mindfulness-based strategies, and couples-based sup-
port when appropriate [46-49]. Because infertility-related stress may affect both members of a cou-
ple, and dyadic research indicates that stress and coping processes may be interdependent between
partners, psycho-social assessment should not be restricted exclusively to the female partner [22].
Fertility-care professionals should also be equipped to recognize psychological distress, communi-
cate its relevance appropriately, and facilitate referral to qualified psychological services [5].

Importantly, these recommendations should not be interpreted as evidence that stress reduction
necessarily increases pregnancy or live birth rates [6]. Future research should prioritize prospective,
adequately powered studies that repeatedly assess psychological stress across the ART cycle and
integrate validated psychological measures with relevant physiological biomarkers [10, 19]. Studies
should also distinguish intermediate reproductive endpoints from definitive outcomes such as clin-
ical pregnancy and live birth and, where appropriate, assess both partners [8, 9]. Standardized stress
assessment and reproductive outcome definitions would improve comparability across studies and
help determine whether particular treatment stages or patient subgroups are associated with clini-
cally meaningful reproductive effects [8, 9].

Overall, the findings support a distinction between three related but not equivalent concepts:
psychological burden, biological stress responses, and ART success. These domains may interact,
but evidence from one domain should not automatically be interpreted as evidence of causality in
another.

Limitations

This review has several limitations that should be considered when interpreting its findings. First, it
was conducted as a structured thematic narrative review rather than a systematic review, and study
identification and selection were based on relevance to the predefined thematic scope rather than a
formal systematic-review screening process. Consequently, a formal PRISMA-ScR flow diagram
was not used. Second, no formal risk-of-bias assessment using standardized tools such as RoB 2,
ROBINS-I, SYRCLE, or AMSTAR-2 was performed; therefore, the methodological quality of in-
dividual studies and systematic reviews was considered qualitatively rather than through formal
risk-of-bias ratings. Third, the included evidence was highly heterogeneous with respect to study
populations, stress measures, timing and duration of stress exposure, ART protocols, experimental
models, and reproductive endpoints, limiting direct comparison across studies and precluding quan-
titative synthesis. Fourth, although the search covered PubMed/MEDLINE, Scopus, and Web of
Science from database inception to September 5, 2026, publication and selection biases cannot be
excluded, and relevant evidence indexed outside these databases may have been missed. Finally,
the evidence base encompassed multiple study designs and levels of evidence, which limits direct
comparison and requires cautious interpretation when integrating human clinical findings with ex-
perimental animal evidence. These limitations warrant cautious interpretation of the observed asso-
ciations and reinforce the need for well-designed prospective human studies with standardized stress
assessment, clearly defined ART endpoints, and formal methodological quality appraisal.

Conclusion

The available evidence indicates that psychological stress is an important component of the infer-
tility-treatment experience, but its independent contribution to definitive ART outcomes remains
uncertain [1, 2, 6]. In women, evidence linking perceived stress with clinical pregnancy and live
birth is heterogeneous [6, 10], with some evidence suggesting stage-specific associations during
IVF, particularly around oocyte retrieval [8, 9]. In men, psychological stress appears to be more
consistently associated with intermediate semen parameters [7], although evidence directly linking
male stress with live birth remains limited [11, 12].

Experimental animal studies provide biologically plausible evidence for potential mechanisms
through which acute or chronic stress exposure may alter reproductive function, including neuroen-
docrine dysregulation, glucocorticoid signaling [28, 29], oxidative stress, and alterations in ovarian,
uterine, and testicular function. However, these findings should not be interpreted as direct evidence
that psychological stress causes ART failure in humans [25].

Psychological interventions appear to provide benefits for distress, anxiety, depressive symp-
toms, coping, and treatment experience [46-49], whereas evidence for improved pregnancy or live-
birth outcomes remains inconsistent [50-52]. Therefore, psychosocial care should be integrated into
fertility treatment primarily to support psychological well-being, coping, couple functioning, and
treatment persistence rather than to promise improved reproductive success [22, 44, 45].
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Future research should use prospective, adequately powered, and methodologically standardized
designs that simultaneously assess psychological stress, relevant biological stress markers, dyadic
processes, and reproductive outcomes in both partners. Greater consistency in the timing and meas-
urement of stress and reproductive endpoints may also help clarify whether specific treatment stages
or patient subgroups are more vulnerable to stress-related reproductive associations.
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