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The desire for parenthood is universal, but infertility affects about 1 in 6 people worldwide, causing 
significant physical, mental, and social challenges. Infertility is defined as the inability to achieve 
pregnancy after one year or more of regular, unprotected intercourse.
It can be 
Primary infertility: Never achieving pregnancy.
Secondary infertility: Difficulty conceiving after a previous pregnancy.
• Causes are both preventable (e.g., lifestyle habits, infections) and unpreventable (e.g., age-

related decline, genetic factors).
• Women are often affected earlier due to a fixed number of oocytes that decline in quality and 

quantity after age 32, with a rapid decrease after 37.
• Female infertility is commonly linked to ovulatory disorders, endometriosis, and tubal issues.
• Male infertility is often due to testicular defects, low sperm quality, and hormonal imbalances.
• The global prevalence of infertility has risen over recent decades, with India among the countries 

most affected.
• Infertility leads to social stigma, mental health issues, and financial strain.
• Addressing infertility is crucial for upholding reproductive rights and achieving global health and 

gender equality goals (SDG 3 and SDG 5)



•  In the year 2021, 55 million males (1.8% of the male population) and 110 
million females (3.7% of the female population) globally were living with 
infertility.

• Global prevalence of infertility among the reproductive age group from 1990-
2021 was approximately twice as high in women as compared to men. But as 
the infertility burden increases, male infertility will be projected to grow 
more rapidly than females  from 2022-40.

• The highest infertile age group was 35- 39 years. 
(https://pubmed.ncbi.nlm.nih.gov/39752330/) 

• According to IHME fertiltiy rate by 2100 expected to fall below replacement 
level (2.1) in 97% of countries and territories 
https://ghdx.healthdata.org/record/ihme-data/global-burden-disease-study-
2021-gbd-2021-fertility-1950-2100



Total fertility rate, 1950–2100, by GBD super-region and for the globe (Adapted 
from(Highlights Most Countries Will Experience Below-Replacement * Levels of 

Fertility by Mid-Century, n.d.)



• The human microbiome comprises bacteria, viruses, fungi, and protozoa.
• Present in the gut, skin, respiratory, and reproductive tracts and various body sites 
• Play essential roles in maintaining health and preventing disease through immune 

regulation, metabolism, and physiological balance. 
• The gut hosts the largest and most diverse microbiome
• Dysbiosis ia an imbalance in microbial composition—can lead to serious conditions 

such as inflammatory, neurological, autoimmune, cardiovascular, etc diseases 
• Microbiome composition varies with age, sex, hormones, and lifestyle factors, and its 

disruption is linked to multiple health problems



Infant gut microbiome development and its influencing factors. (Adapted from 

Mohajeri et al., 2018) 



• Bacteroidetes
• Prevotella
• Lactobacillus
• Roseburia
• Eubacterium rectale
• Bifidobacterium
• Enterococcus

• Firmicutes
• Proteobacteria
• Mollicutes
• Bacteroides
• Alistipes
• Bilophila
• Enterobacteriacea
• Escherichia
• Klebsiells
• Shigella



Gut loads from Proximal to Distal 

These change along the gut 

create different environments

 that determine

 which microbes can live in each section.
 (Adapted from Kennedy & Chang, 2020) 



Sex selective differences in Gut 

Microbiome

 (Adapted from Ashonibare et al., 

2024)



Vaginal Microbiome and factors affecting them, and level of oestrogen, lactobacillus 

and glycogen with age (adapted from Kwon & Lee, 2022) 



Impact of Hormonal and Glycogen Changes on Vaginal Microbiome Composition Across Life Stages and 

Pregnancy



Microbiome of the male reproductive tract (Adapted from Zuber et al., 
2023)



 Trophic Function 
Effects on distant 

organs such as CNS, 
liver, stimualtion of 

peristasis, 
regulating the 
development of 

intestinal epithelium 
and immune system 
and its functions, 
maintenance of 

intestinal epithelium 
integrit

Metabolic function 
SCFA synthesis, 
Productin of 
vitamins and 

polyamines, Enhance 
mineral absoption, 
Processing of bile 
acid, breakdown 

polyphenols, 
metabolism of 
xenobiotic, and 
Degradation of 
amino acid and 

cholins 

Defensive function 
Competet with pathogens for 

nutrition and attachment 
sites, secretion of 

antimicrobial compounds, 
stimulation of IgA 

production, Induction of 
antimicrobial protein 

synthesis



16S rRNA gene sequencing is the most common and an 
amplicon-based sequencing (amplicon is a piece of 
DNA or RNA that is the source and/or product of 
amplification or replication events) method that is 
used to identify and classify bacteria present in bulk 
and complex biological sample 

16S rRNA is a rapid  and most efficient study for the 
identification of bulk samples, it also identifies the 
next generation of species.

Ribosomes are biological structures involved in protein 
synthesis that contain two subunits made up of 
proteins and ribosomal RNA (rRNA). rRNA translates 
the information in mRNA (messenger RNA) into the 
proteins



ribosomes are composed of a 30S subunit and a 50S 
subunit, which form a complete 70S ribosome. The 30S 

subunit contains 16S rRNA and 21 proteins.

The 16S rRNA gene is about 1500 base pairs (bp) long and 
contains variable regions scattered between conserved 

regions.

conserved parts are similar in all bacteria;  The variable 
parts are different from one bacterium to another

Adapted from https://microbenotes.com/16s-rrna-gene-
sequencing/ 



The impact of gut microbiota and its metabolites on 
organ

 (Adapted from Qi et al., 2021a). 



Gut Microbiome dysbiosis leads to the 
onset and progression of disease 

(Adapted from Shen et al., 2025) 



Factors causing dysbiosis from birth to adulthood 
(Adapted from (Parkin et al., 2021) 

• Mode of delivery- 
(vaginal or caesarean 
C-section)

• Population differences
• exposure to pets
• Diet
• Lifestyle
• Antibiotic use
• Inflammation
• Genetics



Infertility is an escalating public health challenge in India, 
impacting an estimated 27.5 million couples, according to the 

ICMR. Despite various diagnostic and therapeutic 
advancements, there is a large burden of infertility cases.
This literature review aims to critically examine the role of 
gut and reproductive microbiome impact on infertility. This 
review will give new insights that will help in preventing 
infertility by managing microbes. This not only enhances 

treatment outcomes but also supports many couples to achieve 
parenthood and governments to achieve Sustainable 

Development Goal 3 by 2030, which includes targets as 
universal access to reproductive healthcare and well-being. 



To investigate the role of gut and reproductive tract 
microbiomes in the development, progression, and 
management of human infertility, with a focus on 

understanding microbial influence on reproductive health in 
both males and females.



Study Type Literature review

Study design Qualitative, narrative, comparative review

data sources peer reviewd articles, clinical studies, meta analyses

Inclusion criteria
Studies on microbiome composition, dysbiosis, reproductive outcomes, 

molecular methods

Exlusion criteria
Non-clinical, non-molecular, non-peer-reviewed, non-English, irrelevant 

studies

Analysis Qualitative analysis, Comparative tables, narrative integration

Analytical 

Techniques
16S rRNA sequencing, meta analysis, systematic review



Location Gastrointestinal tract
  Male and female reproductive tract
  

Diversity Very high – hundreds 
to thousands of species

Lower mainly dominated by Lactobacillus species

Dominant phy;a/ Genera
  Firmicutes, 
Bacteroidetes, 
Actinobacteria,
  Proteobacteria, 
Clostridium, 
Bacteroides, Prevotella, 
Akkermansia
  

  Lactobacillus (primary), Gardnerella, Prevotella,
  Streptococcus, Pseudomonas
  

Functions Digestive, immune 
modulation, metabolic, 
hormonal regulation

Local defense, pH maintenance, sperm maturation, 
conception, fertility



  Stability
  

  Relatively stable unless 
dysbiosis occurs
  

  Dynamic – varies with cycle, hormones, pregnancy,
  sexual activity
  

  Gender Differences
  

  Minimal
  

  Significant – testicular microbiome in males,
  Lactobacillus dominance in females
  

  Factors Influencing
  

  Diet, age, genetics, 
antibiotics, environment
  

  pH, hormones, antibiotics, pregnancy,
  menstruation, sexual activity, infections
  

  Dysbiosis Consequences
  

  Linked to metabolic 
disorders (obesity, diabetes,
  cancer) and impacts 
fertility
  

Directly causes PCOS, endometriosis, prostatitis, poor sperm quality, preterm birth

  Clinical Relevance
  

  Systemic impact; affects 
overall health and
  hormonal balance
  

  Local reproductive health, fertility outcomes
  

  Microbiome Interaction
  

  Influences reproductive 
tract via the
  gut-reproductive axis
  

  Receives signals from gut microbiota
  



1.Dysbiosis (Gut Microbial 
Imbalance)]

2.Weakening of Intestinal Lining
3.Leakage of MAMPs (LPS, 

Peptidoglycans, Lipoproteins) into 
the Bloodstream]

4.Entry via Lymphatic System & 
Hepatic Portal Vein

5.Activation of Immune System
6.Hyperimmune Response in Ovaries 

& Testes
7.Inflammation & Tissue Damage in 

Ovaries and Testes
8.Activation of Xanthine Oxidase 

Enzyme
9.Increased Uric Acid Production
10.Oxidative Stress
11.Impaired Fertility (Ovarian & 

Testicular Injury)]



16S rRNA technique used to identify the relationship in gut microbiome and reproductive microbiomes dysbiosis leads to 
changes in fertility various evidences are attached to identify the relarionship between gut microbiome and infertility







Reproductive microbiome composition and associated diseases 
(adapted from (Chadchan et al., 2022a) 



The gut microbiota and its impact on the female reproductive tract, 
embryo development, and pregnancy. (Adapted from Qi et al., 2021a)



This table links various evidence of female infertility to gut and genital 
tract dysbiosis and associated microbial alteration with various female 
reproductive tract disorders





Entry of 
Lipopolysaccharide

s into blood 
circulation leads 
to BTB damage 

(Adapted from Lv 
et al., 2024) .



This table links various evidence of male infertility to 
gut dysbiosis and associated microbial alteration with 

various male reproductive disorders



Adavnace 
therapies

Lifestyle 
Modifications

Omega 3 fatty 
acids

Prebiotics & 
Probiotocs

Dietary 
Interventions



Strategy Benefits/ Details

Dietary Changes High-fiber fruits, vegetables, and plant-based diets enhance gut flora 
and reduce inflam

Wholegrainsetabolism
. Oats, quinoa, brown rice, etc. improve microbial diversity and glucose 

m

Gluten-Free 
Wholegrains

Quinoa, millet, buckwheat benefit gut integrity and reduce 
inflammation in sensitive individuals.

Plant-Based Proteins Beans, tofu, soy, nuts enhance hormone balance, SCFA production, and 
gut barrier function.

Animal-Based 
Proteins

Especially chicken improves Lactobacillus, Akkermansia, and reduces 
inflammation. Bifidobacterium.

Dairy Products Yogurt, kefir, chaach increase probiotic bacteria like Lactobacillus and



Strategy Benefits/ Details

Probiotics
Found in fermented foods; 

restore gut flora and support 
hormonal regulation.

Prebiotics
Garlic, onions, bananas feed 
good bacteria and improve 

microbial balance.

Synbiotics
Combination of probiotics + 
prebiotics; synergistically 

improve gut health and fertility.

Omega-3 Fatty Acids
Found in fish, flaxseed, chia 
seeds; reduce inflammation, 

regulate hormones, improve egg 
quality



Strategy Benefits/ Details

Physical Activity
Regular aerobic + resistance training 
boosts SCFA, beneficial microbes, and 
reproductive function.

Stress management
yoga, meditation, music reduce cortisol, 
restore gut-brain axis balance, and 
reduce infertility risk.

Avoid Harmful Factors
Limit alcohol, tobacco, fast food, 
preservatives, stress, and antibiotics to 
prevent gut dysbiosis.

Faecal Microbiota Transplantation
Used for severe dysbiosis; restores 
healthy gut flora especially post 
recurrent infections or antibiotics.



• Gut microbiota significantly influences hormonal regulation, immunity, and metabolism, 
producing SCFAs, vitamins, and neurotransmitters that affect reproductive health.

• Despite the high infertility burden in India (27.5 million couples), microbiome-based 
approaches are underutilized in public health.

• Gut dysbiosis contributes to systemic inflammation, hormonal imbalances, and impaired 
immune functions, all of which negatively impact fertility.

• The gut is rich in microbial diversity, while the reproductive tract (especially female) 
is dominated by Lactobacillus, crucial for maintaining pH and preventing infections.

• Dysbiosis is mechanistically linked to: PCOS, endometriosis, implantation failure in 
females. Poor sperm quality, motility, and testicular inflammation in males.

• Therapeutic strategies such as dietary changes, probiotics, prebiotics, exercise, and 
emerging interventions like FMT have shown positive effects on restoring microbial 
balance and improving fertility.

• The study strongly advocates for integrating microbiome research into reproductive 
healthcare, aligning with SDG 3 (good health and well-being by 2030).

• Policy and clinical frameworks should prioritize microbiome modulation as a non-invasive 
and cost-effective infertility management strategy.



• No Primary Data – Study based only on secondary literature; 
lacks clinical or sequencing data from Indian population.

• Limited Indian Context – Most studies are from Western 
countries; results may not reflect Indian population due to 
regional differences.

• Study Design Variability – Diverse methodologies (sample 
sizes, sequencing tools) hinder direct comparison.

• Evolving Science – Microbiome research is still in early stages; 
many interactions are not fully understood.

• Lack of Standard Protocols – No universal definition of a 
"healthy" reproductive microbiome.

• Preliminary Intervention Evidence – Insufficient clinical trials 
to support microbiome-based infertility treatments.



• Microbiome Screening in Fertility Clinics – Include gut and reproductive microbiome 
profiling in infertility workups.

• Public Awareness Campaigns – Educate public and professionals on gut-reproductive health 
link.

• Integration with National Health Programs – Incorporate microbiome research into 
Ayushman Bharat and RCH initiatives.

• India-Specific Clinical Research – Conduct local trials to validate the gut-infertility link 
and design targeted treatments.

• Microbiome-Based Treatments – Promote development of probiotics, prebiotics, FMT, and 
other microbiome therapies.

• Multidisciplinary Collaboration – Encourage teamwork among health professionals for 
holistic infertility care.

• Diet and Lifestyle Counselling – Include personalized lifestyle advice in fertility programs 
to restore microbial balance.

• Policy and Funding Support – Advocate for investment and policy backing to advance 
microbiome innovations aligned with SDG-3.
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