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ABSTRACT 

Infertility, a complex and multifactorial health condition, affects a significant proportion of the global population, with 

profound physiological and psychosocial implications. It is defined as the inability to achieve pregnancy after 12 months 

or more of regular, unprotected sexual intercourse. The etiology of infertility is diverse, encompassing endocrine disorders, 

genetic abnormalities, infections, anatomical defects, and environmental or lifestyle factors. In males, common causes 

include varicocele, hormonal imbalances, and impaired spermatogenesis, while in females, ovulatory dysfunction, tubal 

obstruction, endometriosis, and polycystic ovary syndrome are predominant contributors. The pathophysiology of 

infertility reflects disruptions in normal reproductive physiology, often driven by oxidative stress, hormonal dysregulation, 

or immune-mediated damage. Diagnostic approaches have advanced, incorporating hormonal assays, imaging techniques, 

semen analysis, and laparoscopy to identify underlying causes in both sexes. The impact of infertility extends beyond 

reproductive challenges, significantly affecting physical health, emotional well-being, and social relationships. Preventive 

and therapeutic strategies include pharmaceutical interventions—such as ovulation induction agents, gonadotropins, and 

emerging assisted reproductive technology approaches—and non-pharmaceutical measures, including lifestyle 

modifications, nutritional support, and stress reduction. A multidisciplinary approach is essential for effective management. 

This review synthesizes current insights into infertility’s etiology, pathophysiology, diagnostic pathways, health 

consequences, and therapeutic strategies, emphasizing the need for individualized, evidence-based care. 
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1. INTRODUCTION 

Infertility, defined as the inability to conceive after one year or more of regular, unprotected intercourse, is a significant 

global health concern affecting both men and women (1). It impacts millions worldwide, with a substantial proportion of 

individuals experiencing infertility during their reproductive years (2). This prevalence spans economic divides, affecting 

both high-income and low- to middle-income regions (3). Infertility manifests in two primary forms: primary, where no 

prior pregnancy has occurred, and secondary, where previous conception was achieved but subsequent attempts are 

unsuccessful (4). These forms arise from a complex interplay of biological, environmental, lifestyle, and healthcare access 

factors (5). Recent trends indicate a rise in secondary infertility, driven by delayed parenthood, urban lifestyles, and 

reproductive health challenges (6). For example, in some regions, primary infertility affects a significant proportion of 

women of reproductive age, with male factors contributing substantially to overall cases (7). In certain countries, infertility 

rates have risen over recent decades, fueled by declining fertility rates and aging populations (8). The psychological and 

social consequences are profound, particularly in regions where cultural emphasis on fertility leads to stigma, marital strain, 

and social exclusion for infertile individuals (9). Global health crises have further amplified emotional distress for those 

navigating infertility, underscoring the urgent need for accessible reproductive care (10). Physiologically, successful 

reproduction relies on precise hormonal regulation via the hypothalamic–pituitary–gonadal axis (11). In women, 

gonadotropin-releasing hormone stimulates follicle-stimulating hormone and luteinizing hormone, driving ovarian follicle 

development and ovulation (12). In men, disruptions in testicular function, sperm transport, or hormonal balance—due to 

congenital conditions or lifestyle factors—can lead to subfertility or infertility (13). Common contributors include impaired 

sperm motility, testicular abnormalities, and hormonal imbalances (14). Access to infertility treatments remains uneven, 

particularly in low- and middle-income regions. Assisted Reproductive Technologies (ART), while effective, are often 

prohibitively expensive, imposing significant financial burdens (15). Even in high-income countries, the growing demand 

for ART strains healthcare systems. Limited insurance coverage and high out-of-pocket costs exacerbate economic 

challenges, often impacting productivity for affected individuals (16). Extensive research over recent decades has provided 

critical insights into infertility trends (17). Recent analyses encompass both male and female infertility, enabling regional 

comparisons and disease burden projections (18). Unlike chronic conditions, infertility is highly responsive to short-term 

interventions, requiring shorter forecast periods to reflect the rapid impact of medical and policy measures (19). This review 

examines the etiology, pathophysiological mechanisms, diagnostic advancements, and therapeutic strategies for infertility 

from a comprehensive, gender-inclusive perspective, ensuring ethical considerations are upheld. 

2. ETIOLOGY 

Infertility is a multifactorial condition, with causes broadly categorized into issues related to ovulation, gamete or embryo 

transport, and implantation (20). 

Male infertility results from disruptions in spermatogenesis, sperm transport, delivery, or external factors (see Table 1) 

(14). 

Table 1: Etiological Factors of  Male Infertility 

Category Cause Description 

Defective 

Spermatogenesis 

Hormonal Disorders Diabetes, hyperthyroidism disrupt HPT axis, causing 

azoospermia/non-viable sperm. 

Testicular 

Abnormalities 

Cryptorchidism, varicocele, scrotal heat impairs sperm 

production/quality. 

Genetic Causes Klinefelter syndrome, Y-chromosome microdeletions compromise 

spermatogenesis. 

Sperm 

Morphology/Motility 

Structural defects, immotility, DNA fragmentation prevent 

fertilization. 

Defective Sperm 

Transport 

Ductal Obstructions Congenital absence, infections, vasectomy block vas 

deferens/seminal vesicles. 

Infections STIs (e.g., chlamydia, gonorrhea) cause scarring, impairing sperm 

transit. 

Ineffective Sperm 

Delivery 

Structural/Functional 

Disorders 

Erectile dysfunction, ejaculatory issues, hypospadias hinder sperm 

deposition. 
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External Influences Lifestyle Factors Alcohol, smoking, cannabis, cocaine impairs 

spermatogenesis/hormonal balance. 

Environmental Toxins Heavy metals (e.g., lead), pesticides, heat reduce sperm 

quantity/viability. 

Immunological Factors Antisperm antibodies (post-infection/trauma) impair sperm 

function. 

Female infertility arises from defective ovulation, impaired gamete or embryo transport, or implantation issues (see Table 

2) (21). 

Table 2: Etiological Factors of Female Infertility 

Category Cause Description 

Defective 

Ovulation 

Endocrine Disorders Hyperprolactinemia, thyroid/adrenal issues inhibit gonadotropin 

secretion/ovulation. 

Lifestyle/Physical Disorders Obesity, anorexia, excessive exercise causes hormonal 

imbalances, anovulation. 

Polycystic Ovary Syndrome 

(PCOS) 

Hyperandrogenism, high LH, insulin resistance disrupts 

follicular maturation. 

Endometriosis Ectopic endometrial tissue causes inflammation, cysts, 

adhesions, blocking ovulation. 

Gonadotropin Deficiency Low GnRH, FSH, LH halt estrogen/progesterone synthesis, 

causing anovulation. 

Anovulatory Triggers Stress, high/low BMI, poor nutrition, excessive exercise 

suppress HPO axis. 

Defective 

Transport 

Fallopian Tube Obstruction PID, STIs (e.g., chlamydia, gonorrhea), tubal surgeries cause 

blockages. 

Post-Surgical Adhesions Scar tissue from surgeries distorts uterus/ovaries/tubes, 

impairing transport. 

Sperm Transport Barriers Vaginismus, dyspareunia, cervical infections, antisperm 

antibodies block sperm. 

Impaired 

Implantation 

Congenital 

Anomalies/Fibroids 

Bicornuate uterus, fibroids near cervix/tubes disrupt embryo 

implantation. 

Endometrial Deficiency Damaged/inflamed endometrium (from drugs/infections) hinders 

embryo adherence. 

Ectopic Pregnancy History Prior tubal pregnancies indicate tubal dysfunction, increasing 

infertility risk. 

Infections Chronic bacterial/viral/fungal infections cause endometrial 

scarring/inflammation. 

Immunological Factors Antisperm/anti-embryo antibodies disrupt implantation, cause 

pregnancy loss. 

External 

Influences 

Environmental/Lifestyle 

Factors 

Tobacco, alcohol, cannabis, endocrine disruptors impair 

ovulation/receptivity. 

Age/Nutritional Extremes Age >35 reduces ovarian reserve; malnutrition/obesity disrupts 

hormonal balance. 

3. PATHOPHYSIOLOGY 

Infertility, a complex and multifactorial condition, arises from disruptions in the physiological processes essential for 

successful reproduction (22). In males, infertility is often related to abnormalities in spermatogenesis, sperm transport, or 

hormonal regulation (23). Disruptions in the hypothalamic–pituitary–gonadal (HPG) axis can impair the secretion of 

gonadotropins—luteinizing hormone (LH) and follicle-stimulating hormone (FSH)—which are critical for testosterone 

production and spermatogenesis (11). Testicular factors, such as varicocele, cryptorchidism, testicular trauma, or infections 

like orchitis, can impair Sertoli and Leydig cell function, reducing sperm quality and count (24). Additionally, genetic 

mutations, oxidative stress, and exposure to environmental toxins or endocrine-disrupting chemicals can damage sperm 

DNA and impair motility, contributing to subfertility or infertility (25). 

In females, infertility typically results from dysfunction in ovulation, tubal patency, or endometrial receptivity (26). 
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Hormonal imbalances, particularly in polycystic ovary syndrome (PCOS), disrupt regular oocyte release due to altered 

gonadotropin and insulin signaling (27). Disorders of the HPG axis, such as hypothalamic amenorrhea or premature ovarian 

insufficiency, can lead to anovulation (28). Tubal factor infertility, often caused by pelvic inflammatory disease (PID) or 

endometriosis, impairs the transport of the oocyte or zygote (29). Endometrial abnormalities, such as uterine fibroids or a 

thin endometrium, hinder implantation (30). Furthermore, oxidative stress, autoimmunity, and chromosomal anomalies 

may exacerbate female infertility (31). The complex interplay of endocrine, structural, and environmental factors 

underscores the multifaceted nature of infertility pathophysiology in both sexes (32). 

4. IMPACT OF INFERTILITY ON HEALTH 

Infertility is not merely a reproductive issue; it exerts a profound impact on an individual’s physical, psychological, and 

social well-being (33). Physically, infertility may indicate underlying health conditions, such as PCOS, endometriosis, 

thyroid dysfunction, diabetes, varicocele, or infections like STDs, all of which can compromise reproductive capacity (34). 

These conditions often persist beyond fertility concerns, contributing to chronic metabolic, hormonal, or inflammatory 

disorders (35). Hormonal imbalances associated with infertility can also disrupt secondary physiological functions, leading 

to fatigue, weight fluctuations, and sexual dysfunction (34). 

Psychologically, infertility is frequently linked to emotional distress (36). Individuals experiencing infertility often report 

heightened levels of anxiety, depression, irritability, and diminished self-worth (37). The inability to conceive may be 

perceived as a personal failure, particularly in cultures where parenthood is central to adult identity (36). This emotional 

burden is intensified by the uncertainty and invasiveness of diagnostic procedures and assisted reproductive treatments, 

which may involve repeated cycles of hope and failure, creating a significant psychological toll (38). For couples, this 

strain can disrupt communication, intimacy, and overall relationship satisfaction (39). 

Socially, the stigma associated with infertility can lead to isolation, discrimination, and strained family dynamics (40). In 

some societies, individuals—particularly women—may face social exclusion, blame, or pressure to pursue alternative 

reproductive options, such as remarriage or surrogacy (41). Financially, infertility treatments, including in vitro fertilization 

(IVF), intrauterine insemination (IUI), and hormone therapies, are often prohibitively expensive and not covered by health 

insurance, imposing significant economic burdens on affected individuals and families (42). 

5. DIAGNOSIS OF INFERTILITY 

The diagnostic evaluation of infertility requires a structured approach for both sexes (43). Flowchart 1 outlines the 

assessment of male infertility, beginning with a clinical history and physical examination, followed by semen analysis as 

the primary test (44). Abnormal findings may prompt hormonal assays (e.g., FSH, LH, testosterone), genetic testing (e.g., 

karyotyping, Y-chromosome microdeletion analysis), or imaging studies, such as scrotal ultrasound or transrectal 

ultrasound, to evaluate suspected obstructions (45).  

 

Flowchart 1 illustrates the diagnostic approach to male infertility, starting with clinical evaluation and semen 

analysis, followed by targeted hormonal, genetic, and imaging studies based on initial findings. 

The female infertility testing starts with a menstrual history and ovulatory assessment (46)using hormonal profiles (e.g., 

FSH, LH, AMH, prolactin, TSH) and ovulation tracking (2). Pelvic ultrasound evaluates reproductive anatomy, while tubal 

patency is assessed through hysterosalpingography (HSG) (47). Advanced imaging or laparoscopy may be indicated for 

suspected endometriosis or unexplained infertility (48). The diagnosis of female infertility illustrates in  Flowchart 2. 
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Flowchart 2 outlines the diagnostic pathway for female infertility, encompassing clinical history, ovulatory 

assessment, pelvic and tubal evaluation, and cervical factor analysis to identify underlying causes. 

6. PHARMACOLOGICAL APPROACHES 

One of the primary pharmacological strategies for treating female infertility involves ovulation induction (49). Clomiphene 

citrate (Clomid), a selective estrogen receptor modulator (SERM), is a first-line treatment that blocks estrogen receptors in 

the hypothalamus to stimulate increased release of FSH and LH (50). Letrozole (Femara), an aromatase inhibitor, has 

gained prominence, particularly for women with PCOS, as it reduces estrogen production, thereby promoting gonadotropin 

secretion (51). Recombinant FSH (r-FSH; e.g., Gonal-F, follitropin alfa) and human menopausal gonadotropins (hMG; 

e.g., Menopur) are used when oral agents fail, particularly in ART such as IVF (52), these agents stimulate follicular 

development directly at the ovarian level (12). 

Hyperprolactinemia-related infertility is treated with dopamine agonists, such as bromocriptine and cabergoline, which 

inhibit prolactin secretion and restore ovulatory function (53). Cabergoline is preferred due to its longer half-life and better 

tolerability (54). For luteal phase insufficiency, micronized progesterone (e.g., Utrogestan) or progesterone gel (e.g., 

Crinone) is administered during the luteal phase or post-embryo transfer to enhance endometrial receptivity (55). 

For patients with PCOS, metformin, an insulin sensitizer, is widely used to address hyperinsulinemia, restore ovulation, 

and reduce androgen levels (56). Combination therapy with letrozole and metformin has shown improved ovulation and 

pregnancy rates compared to monotherapy (57). Recently, inositol (myo-inositol and D-chiro-inositol) has been studied as 

a supplement to enhance insulin sensitivity and ovarian function in PCOS (58). 

In men with hypogonadotropic hypogonadism, human chorionic gonadotropin (hCG) and recombinant FSH (r-FSH) are 

administered to stimulate testosterone production and spermatogenesis (59). For idiopathic oligospermia, empirical 

treatments, such as clomiphene citrate or tamoxifen, are used to stimulate endogenous gonadotropin release (60). 

Additionally, antioxidant supplementation—including coenzyme Q10, L-carnitine, vitamin E, zinc, and selenium—is 

commonly employed to reduce oxidative stress and improve sperm quality (61). Emerging pharmacological options under 

investigation include aromatase inhibitors (e.g., anastrozole) for men with elevated estradiol levels and low testosterone 

(62). 

In ART procedures, such as IVF, controlled ovarian hyperstimulation is achieved using gonadotropin-releasing hormone 

(GnRH) agonists (e.g., leuprolide) or GnRH antagonists (e.g., cetrorelix, ganirelix) to prevent premature LH surges (63). 

Ovulation is triggered with hCG (e.g., Ovitrelle) or recombinant LH, and luteal support is provided using progesterone 

vaginal gels, oral micronized progesterone, or intramuscular injections (64). Recent advancements include recombinant 

LH and FSH combinations and long-acting formulations, such as corifollitropin alfa (Elonva), which reduce injection 

frequency and improve patient compliance (65). 
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7. NON-PHARMACEUTICAL MEASURES IN THE PREVENTION AND MANAGEMENT OF INFERTILITY 

Non-pharmaceutical approaches are a cornerstone in the holistic prevention and management of infertility, complementing 

pharmacological therapies (66). Lifestyle interventions are highly impactful, particularly in cases of idiopathic infertility 

or where modifiable risk factors are present (67). Maintaining optimal body weight through regular physical activity and a 

nutritionally balanced diet—rich in micronutrients, antioxidants, and healthy fats (68)—positively affects both 

spermatogenesis and ovulatory function (69). Several studies indicate that lifestyle-induced oxidative stress contributes 

significantly to gamete dysfunction, making lifestyle changes aimed at reducing oxidative load beneficial (70). 

Stress reduction through psychological support, cognitive behavioral therapy, yoga, or meditation is increasingly 

recognized, given the bidirectional relationship between stress and reproductive hormones (71). Reducing exposure to 

endocrine-disrupting chemicals (EDCs), such as phthalates, bisphenol A (BPA), and certain pesticides, is essential, as these 

agents impair hormonal balance and gamete quality (72). Avoidance of tobacco, excessive alcohol, and recreational drugs 

is critical, as these substances disrupt the hypothalamic–pituitary–gonadal axis, contributing to reduced fertility (73). 

Timely screening and treatment of sexually transmitted infections, particularly Chlamydia trachomatis and Neisseria 

gonorrhoeae, are vital to prevent tubal and testicular damage (74). Finally, public health initiatives promoting reproductive 

education, preconception care, and early fertility assessment can facilitate early identification of at-risk individuals and 

enable timely interventions, ultimately improving reproductive outcomes (75). 

8. CONCLUSION 

Infertility is a multifaceted and growing global health issue that encompasses biological, psychological, and social 

dimensions. The complexity of its etiology—ranging from hormonal imbalances, genetic mutations, and anatomical 

anomalies to lifestyle and environmental factors—demands a multidisciplinary approach to diagnosis and management. 

Advances in diagnostic tools and pharmaceutical interventions, including ovulation induction agents, ART protocols, and 

hormone therapies, have significantly enhanced reproductive outcomes for many individuals. Simultaneously, non-

pharmaceutical measures such as lifestyle modification, stress management, and environmental awareness have emerged 

as essential components of preventive care and supportive therapy. Importantly, the psychological burden of infertility, 

including emotional distress, stigma, and strained relationships, underscores the need for holistic and compassionate care 

models that integrate mental health support. Equitable access to diagnostic and treatment services remains a global 

challenge, particularly in resource-limited settings. As research continues to uncover novel therapeutic targets and refine 

ART technologies, a patient-centered, evidence-based, and ethically grounded approach is critical for improving fertility 

outcomes and enhancing overall well-being. Addressing infertility requires not only clinical intervention but also broader 

public health strategies, policy support, and social awareness to reduce stigma and ensure reproductive rights for all. 
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