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Abstract

Background and Context: Infertility represents a significant and growing global public health concern,
affecting approximately 15% of couples worldwide. Within India, the landscape of infertility is rapidly
shifting, driven by a complex interplay of environmental, lifestyle, and genetic factors, compounded by
deep-rooted

socio-cultural dynamics. Despite advances in assisted reproductive technology (ART), a substantial
proportion of infertility cases remain unexplained, pointing toward underlying genetic etiologies that are
only beginning to be understood in the context of the Indian population.

Objective Statement: This comprehensive review aims to systematically explore the genetic factors
contributing to human infertility, with a primary focus on the Indian demographic. It seeks to bridge the
gap between advanced genetic research and the sociocultural realities of healthcare delivery in India.
Methodology Summary: A comprehensive literature review and data synthesis were conducted,
analyzing recent peer-reviewed studies (2020-2025), epidemiological data, and clinical genetic profiles.
The research evaluated both male and female genetic infertility factors, including chromosomal
abnormalities, single-gene mutations, and complex polygenic disorders, mapping these against Indian
regional variations and healthcare access metrics.

Key Findings:

e Rising Prevalence: Infertility rates in India have risen substantially, with the National Family
Health Survey (NFHS-5) reporting an incidence rate approaching 12%, up from previous
cohorts.

e Genetic Distinctiveness: Regional genetic variations heavily influence infertility profiles; for
instance, Y-chromosome microdeletion frequencies differ significantly between North and
South Indian populations.

e Socio-cultural Barriers: High out-of-pocket costs and patriarchal cultural norms
disproportionately stigmatize women, creating immense barriers to specialized genetic screening
and equitable ART access.

e Diagnostic Gaps: Cytogenetic aberrations are prevalent in unexplained infertility, yet access to
preimplantation genetic testing (PGT) and chromosomal karyotyping remains largely confined to
affluent urban centers.
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Conclusions and Recommendations: Addressing infertility in India requires a paradigm shift from
purely clinical interventions to a holistic model encompassing accessible genetic screening, culturally
sensitive counseling, and robust policy frameworks. Integrating genetic literacy into primary
healthcare and subsidizing advanced diagnostics are critical steps toward equitable fertility care.

Keywords: Infertility genetics, Y-chromosome microdeletions, Indian demographics, Assisted
Reproductive Technology (ART), Polycystic Ovary Syndrome (PCOS),
socio-cultural health barriers.

1. Introduction
Global Context and Definition

Infertility is clinically defined as the failure to achieve a clinical pregnancy after 12 months or more of
regular, unprotected sexual intercourse. Globally, it is a pervasive health issue; the World Health
Organization (WHO) estimates that infertility affects one in six individuals of reproductive age
worldwide (Aitken, 2024). While the demographic transition has led to an intentional decline in fertility
rates globally, biological fecundity—the fundamental capacity to reproduce—is simultaneously being
challenged by a myriad of genetic, environmental, and lifestyle factors (Aitken, 2024).

Historically, the medical community viewed infertility largely through an anatomical or
endocrinological lens. However, the advent of high-throughput sequencing and advanced cytogenetics
has illuminated the profound role that the human genome plays in reproductive success. Today, it is
recognized that genetic factors contribute to up to 50% of severe male infertility cases and play a crucial
role in female reproductive disorders, including premature ovarian insufficiency (POI) and polycystic
ovary syndrome (PCOS) (Rodrigues et al., 2020).

Indian Demographics and Statistics

India, despite its vast population, is witnessing a paradoxical rise in infertility rates. Recent
epidemiological analyses underscore this shifting demographic landscape. Data extracted from the
National Family Health Surveys (NFHS) indicate that the proportion of childlessness and infertility has
reportedly increased from approximately 7% in

NFHS-4 (2015-2016) to nearly 12% in NFHS-5 (2019-2021). Furthermore, the

age-standardized rate (ASR) of infertility prevalence in India showed a notable upward trajectory
between 1990 and 2021, marking it as one of the countries with a significant increase in the Asia-
Pacific region (Luo et al., 2024).

This rise is not uniform. India's immense geographic and ethnic diversity translates into significant
regional variations. Urban centers often report higher rates of delayed conception due to lifestyle factors
and delayed marriages, while rural areas face high burdens of secondary infertility driven by poor
reproductive tract infection management and limited healthcare access.

"The high incidence of infant and childhood mortality during the early stages of human evolution
ensured there was constant selection pressure on keeping fecundity at this optimal level... As a result of
the demographic transition, we are now no longer selecting for high fecundity genotypes.” (Aitken,
2024).
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Cultural and Social Context Specific to India

In the Indian socio-cultural fabric, parenthood is heavily intertwined with identity, marital stability, and
societal status. Consequently, infertility carries a profound social stigma. Patriarchy dictates much of the
narrative; despite medical evidence showing that male factors are responsible for roughly half of all
infertility cases (Rodrigues et al., 2020), the societal burden and blame are almost exclusively placed on
women. This often leads to severe psychological distress, social ostracization, and, in extreme cases,
gender-based violence or marital dissolution.

Furthermore, the pursuit of infertility treatment in India is heavily influenced by class and geography.
The ART sector is predominantly privatized, making advanced genetic diagnostics and treatments
prohibitively expensive for the average citizen. Cultural beliefs frequently lead couples to exhaust their
resources on traditional or alternative healers before seeking evidence-based biomedical interventions,
further delaying proper genetic diagnoses.

Problem Statement and Research Objectives

Despite the rising burden of infertility and the rapid advancement of clinical genetics, there is a distinct
lack of synthesis regarding how genetic factors of infertility manifest specifically within the genetically
diverse Indian population, and how the existing healthcare infrastructure handles this burden. The
primary objective of this article is to explore the genetic underpinnings of human infertility,
contextualize these findings within the Indian demographic, and identify the sociocultural and systemic
barriers that prevent equitable access to genetic diagnosis and care.

Scope and Limitations

This review encompasses both male and female genetic factors of infertility, structural chromosomal
abnormalities, and the intersection of genetics with nutrition and environment. The scope is primarily
focused on the Indian socio-cultural and healthcare context, utilizing global benchmarks for
comparison. Limitations include the sparsity of large-scale, pan-Indian genome-wide association studies
(GWAS) on infertility, meaning some regional genetic nuances may be underrepresented in the current
literature.

2. Methodology

Research Design and Approach

To achieve a comprehensive and unbiased synthesis of the genetic factors influencing infertility within
the Indian context, a structured narrative review approach was adopted, simulating the rigorous
framework of a systematic review. The research design was grounded in an intersectional framework,
deliberately mapping highly technical genetic data against socio-cultural and health-economic variables
specific to India.

Database Search Strategy
A systematic search strategy was executed utilizing prominent academic databases and search engines,
focusing on literature published primarily between 2020 and 2025 to capture the most recent state-of-
the-art (SOTA) findings. The search queries included combinations of Medical Subject Headings
(MeSH) and free-text terms:
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e "genetic factors" AND "human infertility" AND "review"
e "infertility prevalence” AND "statistics India™
e "genetics of male infertility” OR "female infertility" AND "Indian population™
e "Y-chromosome microdeletions” AND "India"

Inclusion/Exclusion Criteria
Inclusion Criteria:
e Peer-reviewed original research, meta-analyses, and comprehensive review articles.
e Studies explicitly detailing genetic markers, chromosomal aberrations, or gene-
environment interactions related to infertility.
e Epidemiological studies utilizing robust datasets (e.g., Global Burden of Disease, NFHS)
focusing on the Asia-Pacific region or India specifically.
e Atrticles addressing the socio-cultural, economic, and policy dimensions of infertility care in
Low- and Middle-Income Countries (LMICs), particularly India.

Exclusion Criteria:
e Non-peer-reviewed opinion pieces, blogs, or predatory journal publications.
e Outdated genetic studies (prior to 2010) unless they represent foundational paradigms (e.g.,
initial mapping of the AZF regions).
e Studies lacking rigorous statistical methodologies or clear demographic demarcations.

Data Analysis Framework
Data extracted from the eligible studies were categorized into four primary thematic pillars:

1. Epidemiological & Statistical Trends: Quantitative data on prevalence rates, specifically
contrasting global ASRs with Indian metrics.

2. Biological & Genetic Markers: Specific genes (e.g., CFTR, TUBBS8, PATL2), chromosomal
anomalies (e.g., translocations, aneuploidies), and microdeletions associated with reproductive
failure.

3. Gene-Environment Interactions: The role of epigenetics, stress, and nutrition (e.g.,
nutrigenomics) in modulating genetic predispositions.

4. Socio-Cultural & Systemic Factors: Qualitative and health-economic data regarding
treatment-seeking behaviors, stigma, and healthcare accessibility in India.

Timeline and Scope

The synthesized data heavily prioritizes the technological and societal landscape as it stands in the mid-
2020s, capturing the recent surge in ART utilization in India alongside the latest discoveries in
reproductive genomics.

3. Discussion

The interplay between genetics and infertility is complex, multi-layered, and deeply influenced by the
environment in which an individual resides. To systematically unpack this, the discussion is organized
into four critical subsections.
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3.1 Biological and Technical Factors and Evidence
The genetic basis of infertility encompasses a broad spectrum of anomalies ranging from whole-
chromosome aneuploidies to single-nucleotide polymorphisms (SNPs) and submicroscopic deletions.

Male Factor Infertility:

Male infertility is responsible for approximately half of all conception failures. The most profound
genetic contributors identified include chromosomal abnormalities and

Y-chromosome microdeletions. Klinefelter syndrome (47, XXY) remains the most common
genetic cause of male infertility, leading to severe oligozoospermia or non-obstructive
azoospermia (Rodrigues et al., 2020).

Beyond whole-chromosome issues, Y-chromosome microdeletions, specifically in the Azoospermia
Factor (AZF) regions on the long arm (Yq), are a critical focus. Deletions of specific genes in this
region disrupt normal spermatogenesis. Interestingly, the prevalence of these microdeletions varies
geographically. A comprehensive study combining data from Indian cohorts revealed an overall
frequency of Yq microdeletions of 5.8% in infertile Indian men, which is slightly lower than the 7.4—
8.2% reported in Western meta-analyses (Sen et al., 2013).

e Regional Variation: Within India, significant genetic diversity exists. The highest deletion
frequency of Yq microdeletions (13.4%) was observed in patients from South India, whereas
lower frequencies (3.4%) were observed in Western India cohorts (Sen et al., 2013). Another study
in North India reported an 8.5% frequency of Y-chromosome microdeletions among infertile
males, with the AZFc region being the most susceptible (Sharma et al., 2021).

Female Factor Infertility and Fertilization Failure:

In females, genetic factors frequently manifest as ovulatory dysfunction, Premature Ovarian
Insufficiency (POI), or recurrent implantation failure. Genetic variants in genes related to the anti-
Mdillerian hormone (AMH) pathway, angiotensin-converting enzyme (ACE), and steroidogenesis are
deeply implicated in Polycystic Ovary Syndrome (PCOS), a leading cause of female infertility globally
and in India.
Furthermore, recent high-throughput sequencing has identified specific causal mutations responsible for
total fertilization failure during ART.
e Oocyte Maturation and Spindle Assembly: Mutations in the TUBB8 gene disrupt
spindle structures in oocytes, resulting in immature oocytes and embryonic arrest (Zhang
etal., 2023).
e RNA-Binding Proteins: Mutations in PATL2 lead to variable phenotypes, including maturation
arrest and fertilization failure (Zhang et al., 2023).
e Meiotic Progression: Mutations in WEE2 and CDC20 are directly linked to the failure of
pronucleus formation and disrupted homolog segregation, respectively (Zhang et al., 2023).

Unexplained Infertility:

A significant portion of Indian couples face "unexplained infertility." Emerging cytogenetic research
links many of these cases to submicroscopic structural chromosomal abnormalities, such as balanced
translocations and inversions. Studies report that approximately 10% of couples with unexplained
infertility harbor chromosomal abnormalities, which can disrupt the normal development of embryos

IJFMR260589498 Volume 7, Issue 5 (September-October 2026) 5



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

without affecting the phenotypic health of the parents (Oyovwi et al., 2024). In-silico studies based on
cytogenetic analysis in North Indian populations have revealed a significantly higher mean frequency of
structural aberrations (deletions, breaks, and gaps) among infertile cases compared to age-matched
controls, pointing toward a heavy genetic burden in "unexplained” cases (Sahota et al., 2022).

Visual Content Suggestion 1: Infographic Title: The enetic Architecture of Infertility

Concept: A split-screen anatomical diagram showing male (left) and female (right) reproductive
systems. Callout boxes pointing to specific organs highlight key genetic disruptions. For males: Testes
pointing to a karyotype showing 47, XXY (Klinefelter) and a zoomed-in Y-chromosome highlighting
the AZFa, AZFb, and AZFc microdeletion regions. For females: Ovaries pointing to TUBB8, PATL2,
and WEE2 gene mutations causing oocyte arrest.

32 Sociocultural Challenges Specific to India
While the biological mechanisms of genetic infertility are universal, their impact is heavily modulated
by the Indian sociocultural environment.

The Stigma of Childlessness and Gender Bias:

In traditional Indian contexts, womanhood is inextricably linked to motherhood. When a couple
experiences delayed conception, the societal default is to blame the female partner. This occurs even
when the underlying genetic cause—such as a

Y-chromosome microdeletion or cystic fibrosis transmembrane conductance regulator (CFTR) gene
mutation—is definitively traced to the male (Rodrigues et al., 2020). This patriarchal bias leads to severe
psychological morbidity for women, including depression, social isolation, and exclusion from
auspicious religious ceremonies.

Urban-Rural Disparities:

India faces a stark healthcare divide. While metropolitan cities boast world-class ART clinics equipped
with Next-Generation Sequencing (NGS) capabilities, rural and tribal populations remain vastly
underserved. A significant proportion of the population resides in areas where primary healthcare
facilities lack the infrastructure to even diagnose basic reproductive tract infections, let alone offer
cytogenetic screening.

Low Fertility Literacy and Traditional Beliefs:

Fertility literacy remains alarmingly low across both rural and semi-urban demographics. Consequently,
many couples attribute genetic infertility to supernatural causes, past-life karma, or divine punishment. It
is common for couples to spend years, and significant financial resources, consulting traditional healers,
participating in religious rituals, or utilizing unverified alternative medicines before presenting to an
allopathic fertility clinic. By the time they seek biomedical help, advancing maternal age has often
further compromised their genetic reproductive potential.

3.3 Current System Response and Gaps
The Indian healthcare system's response to the rising tide of genetic infertility is currently fragmented
and heavily skewed toward privatization.
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Financial Barriers and Lack of Insurance:

Infertility treatment, especially procedures requiring genetic interventions like Preimplantation Genetic
Testing (PGT-A for aneuploidies, or PGT-M for monogenic disorders), is characterized by catastrophic
out-of-pocket expenditure. In India, health insurance rarely covers ART or genetic counseling,
categorizing them as "elective” procedures. For a middle-class or lower-income family, the cost of a
single IVF cycle combined with karyotyping and PGT can equal several years' worth of income,
rendering these advanced genetic solutions inaccessible to the masses.

Deficit of Genetic Counselors:

A critical gap in the Indian medical ecosystem is the severe shortage of certified genetic counselors.
When a chromosomal anomaly like a balanced translocation is identified, it requires delicate,
culturally competent communication to explain the implications for recurrent pregnancy loss and the
inheritance risks. Currently, this burden falls on overburdened gynecologists or embryologists who
may lack formal training in genetic psychology, leading to patient confusion and high dropout rates
from treatment programs.

Lack of Standardized Screening Protocols:

Despite international guidelines from bodies like ASRM and ESHRE advocating for cytogenetic
evaluation as a foundational investigation for severe infertility, adherence in India is inconsistent.
Many clinics bypass foundational genetic testing (like karyotyping or Y-microdeletion screening) and
proceed directly to Intracytoplasmic Sperm Injection (ICSI). This not only risks repeated IVF failures
but also raises ethical concerns regarding the vertical transmission of genetic defects (such as AZFc
deletions) to male offspring (Sen et al., 2013).

Visual Content Suggestion 2: Data Visualization (Bar Chart) Title: Infertility Prevalence ASR: India
vs. Regional Peers (1990-2021)

Description: A grouped bar chart comparing the Age-Standardized Rate (ASR) of infertility per
100,000 population in 1990 versus 2021. Highlight India showing the significant jump from ~1,963 to
3,041 per 100,000 (Luo et al., 2024), placed alongside regional benchmarks like China and Australia to
emphasize the rapid growth of the issue in the South Asian context.

34 Innovative Solutions and Best Practices
To navigate the intersection of complex genetics and socio-economic hurdles, the Indian medical
community and policymakers must look toward innovative, localized solutions.

Integrating Nutrigenomics:

An emerging and highly relevant field is nutrigenomics—the study of how genetic variation affects the
body's response to nutrients. For example, specific genetic variants in the BCMO1 gene affect the
conversion of beta-carotene to active vitamin A (retinol), which is crucial for spermatogenesis
(Vanderhout et al., 2021). Furthermore, polymorphisms in the GSTT1 gene impact antioxidant capacity,
making certain men more susceptible to oxidative stress-induced sperm DNA damage (Vanderhout et
al., 2021). Tailoring dietary interventions based on a patient's genetic profile offers a

low-cost, high-impact adjunct therapy for improving fertility outcomes in the Indian population.
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Advancements in PGT and Al: Preimplantation Genetic Testing (PGT) allows for the screening of
embryos for chromosomal abnormalities (PGT-A) and monogenic diseases (PGT-M) prior to transfer,
significantly reducing the rates of recurrent miscarriage associated with unexplained infertility (Oyovwi
et al., 2024). The integration of Artificial Intelligence (Al) in embryology is emerging as a powerful
tool. Machine learning algorithms can analyze time-lapse imaging of embryonic development to predict
euploidy (genetic normalcy) with increasing accuracy, potentially reducing the need for costly and
invasive embryo biopsies in resource-constrained settings.

Public-Private Partnerships and Hub-and-Spoke Models:

To overcome geographic barriers, healthcare providers are beginning to utilize

"hub-and-spoke” operational models. Advanced genetic testing laboratories and highly skilled
embryologists are centralized in urban "hubs™ (e.g., Mumbai, Delhi, Bengaluru), while basic screening,
ultrasound monitoring, and counseling take place in rural or

tier-3 city "spokes." Blood and semen samples are securely transported to the hubs for genetic analysis

(karyotyping, Y-microdeletion PCR). This reduces the travel burden on patients while maintaining

diagnostic accuracy.

Policy Reforms and Subsidies:

Progressive policy intervention is essential. The inclusion of basic infertility diagnostics, including
primary karyotyping, into national health insurance schemes (such as Ayushman Bharat) could
democratize access. Furthermore, establishing subsidized genetic testing centers in government medical
colleges would ensure that the poorest demographics are not excluded from the genetic revolution in
reproductive medicine.

4. Conclusion

Summary of Key Findings

Human infertility is a complex pathology inextricably linked to our genetic blueprint. The literature
robustly demonstrates that chromosomal aberrations, Y-chromosome microdeletions, and specific gene
mutations (e.g., TUBB8, PATL2) form the foundational basis for many cases of severe male infertility,
fertilization failure, and unexplained recurrent miscarriages. In India, the burden of infertility is growing
rapidly, with prevalence rates approaching 12%. However, the clinical management of genetic infertility
in India is severely hamstrung by patriarchal cultural stigmas, profound

urban-rural infrastructural disparities, and prohibitive out-of-pocket healthcare costs.

Implications for Various Stakeholders
e For Clinicians: There must be a strict adherence to international protocols for genetic
screening prior to initiating ART. Bypassing tests like Yq microdeletion screening before
performing ICSI is scientifically unsound and ethically precarious.

e For Affected Communities: Increased genetic literacy is vital. Communities must be educated to
view infertility as a shared, often biological medical condition rather than a gender-specific failing
or a social curse.
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e For Policymakers: Infertility can no longer be viewed merely as an elective, upper-class
concern. The psychological and societal toll demands that fertility care and foundational
genetic diagnostics be integrated into broader public health frameworks.

Future Research Directions

Future research in the Indian context must prioritize large-scale Genome-Wide Association Studies
(GWAS) specifically targeting the diverse ethnolinguistic groups across the subcontinent. As
highlighted by regional differences in AZF deletions, extrapolating Western genetic data to Indian
populations is insufficient. Furthermore, operational research into the efficacy of telemedicine for
genetic counseling in rural Indian settings is urgently needed.

Policy Recommendations

1. Mandatory Counseling Infrastructure: Mandate the presence of certified genetic counselors
in all registered ART clinics under the new ART (Regulation) Act.

2. Insurance Inclusion: Advocate for the inclusion of baseline cytogenetic testing (karyotyping)
and essential fertility investigations in both private health insurance policies and state-sponsored
health schemes.

3. Public Health Campaigns: Launch culturally sensitive, vernacular public health campaigns
aimed at destigmatizing infertility, clearly explaining its genetic and medical realities to
dismantle the patriarchal blame placed on women.

By bridging the gap between cutting-edge genetic science and compassionate, accessible healthcare
delivery, India can transform its approach to infertility, offering hope and precise medical care to
millions of affected couples.
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