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ABSTRACT

Female genital tuberculosis (FGTB) is a significant health concern that can lead
to infertility in women. FGTB is a common form of tuberculosis that affects the
female reproductive organs. In India, around 27.5 million individuals are facing
infertility issues due to female factors, and FGTB might be one of the leading
causes. A systematic review and proportion meta-analysis of six studies was
conducted using MedCalc 20.116 to examine the association between FGTB and
infertility. The studies were identified through an electronic search of PubMed,
MEDLINE, Elsevier, and the Cochrane Library from 2010 to 2023. The results
showed that FGTB is significantly associated with infertility, with a prevalence
of approximately 34.86%. These findings underscore the need for effective
interventions to improve reproductive health in women with FGTB. Based on
pathway analysis, we conclude that more clinical trials should be conducted to
explore the potential utilization of interferon gamma and nuclear receptors as
therapeutic drug targets and biomarkers for the prevention of FGTB. The findings
of this review will contribute to raising awareness, facilitating accurate diagnosis,

and improving the management of FGTB-related infertility.
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INTRODUCTION

Tuberculosis (TB) is a global health threat that
can cause significant morbidity in women’s
reproductive health.'! Female genital TB (FGTB)
is a form of TB that specifically targets the female
reproductive organs, leading to menstrual disorders and
infertility.”). FGTB is a significant cause of infertility
in women, and it is often underdiagnosed due to poor
clinical awareness and nonspecific symptoms.®! Early
recognition and appropriate management of FGTB are
essential to preserving women’s reproductive functions
and preventing long-term complications.®*!

A systematic review and meta-analysis of clinical
studies has found that FGTB is associated with a high
prevalence of infertility in women. As depicted in
Figure 1, a study!” found that FGTB can affect various
organs in the female reproductive system, including the
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fallopian tubes, ovaries, cervix, and uterus. The study’s
findings highlight the importance of early diagnosis and
treatment of FGTB in order to prevent infertility and
other long-term complications. The study also provides
valuable insights into the mechanisms by which FGTB
can cause infertility.[®

Why is this review undertaken?

This review aims to elucidate the correlation between
FGTB and female infertility, providing valuable insights
into the specific pathways involved. By understanding
these pathways, we can develop targeted strategies to
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enhance reproductive health and outcomes for women
affected by FGTB. The ultimate goal is to address the
challenges posed by FGTB and improve the reproductive
well-being of affected individuals.

METHODOLOGY

Literature search and database

We conducted an extensive literature search to investigate
the association between FGTB and infertility, along with
a pathway analysis of infertility causes. A combination
of keywords “female infertility,” tubal factor infertility,”
“Mycobacterium tuberculosis,” “TB pathway,” “FGTB
pathway,” and “infertility Pathway in females,” were
entered into the Google Scholar; PubMed/MEDLINE;
CINAHL (EBSCO); Scopus; Web of Science; Elsevier
Bio Base; EMBASE; and Science Direct search engines.
The search was limited to publications in the English
language. The purpose of this systematic review was to
gather original and review articles that provide insights
into the relationship between FGTB and infertility,
while also exploring the pathways involved in causing
infertility in females.

Inclusion and exclusion criteria

For this systematic review, we applied inclusion
and exclusion criteria to select relevant articles. We
prioritized highly reviewed articles and abstracts that
focused on the impact of FGTB on infertility. Our
inclusion criteria encompassed: (a) studies dedicated to
female infertility; (b) data suitable for clinical analysis
of FGTB; (c) studies investigating the correlation
between FGTB and infertility; (e) studies exploring the
pathways involved in female infertility attributed to the
Tubercle bacterium; and (f) preference for recent or
high-quality publications when multiple sources covered
the same or overlapping data. Our exclusion criteria
encompassed: (a) studies exclusively focusing on male
infertility; (b) studies centered on urogenital TB; (c)
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Figure 1: Frequency of Bacterial Infection in female genital organs during
female genital tuberculosis!”)

studies on extrapulmonary TB not specifically related
to female genital organs; and (d) studies centered on
assisted reproductive treatment.

Figure 2 illustrates the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
process that was used to analyze the correlation between
FGTB and infertility. The PRISMA guidelines are used
to enhance research transparency, completeness, and
the reliability of findings in systematic reviews and
meta-analyses.['” They ensure comprehensive reporting
and adherence to standardized methods, ultimately
improving the quality of the research.

Statistical analysis

Meta-analysis is a widely employed technique
for aggregating quantitative data from distinct yet
comparable studies included within a systematic
review.['"! Proportion meta-analysis is commonly used
in systematic reviews to address questions concerning
the prevalence or incidence of a particular ailment in a
population.'?! It is a statistical tool for combining data
from multiple studies that report disease prevalence or
percentages. This approach yields a pooled proportion,
which is a weighted average of individual proportions
from all studies, alongside a confidence interval that
underscores the estimate’s precision. This method
facilitates the understanding of disease prevalence
across diverse populations, thus offering evidence-based
insights for potential interventions.

In this study, we conducted a proportionate
meta-analysis with a specific focus on the impact of
FGTB on infertility. Our analysis included six studies,
as detailed in Table 1. We used the freely accessible
MedCalc-20.116 software by MedCalc Software Ltd.
in Belgium which is used to conduct the meta-analysis
of biomedical research. This evaluation entailed the
assessment of combined effects between total cases of
infertility and positive instances of FGTB, aimed at
determining their statistical significance.

‘ Studies identified through various

search engines
(N=1643)

Additional records identified
through other sources(N=100)

Records after Duplicates due to same publication in
different database are removed (N=700)

Full text articles
assessed for eligibility
WE:D)

Included | Eligibility

research (N=35
Figure 2: Preferred reporting items for systematic reviews and

meta-analyses flowchart for the systematic review and meta-analysis of
the correlation between female genital tuberculosis and infertility
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RESuULTS

In this section, we discuss the findings from the
meta-analysis of six studies, focusing on heterogeneity
and publication bias. The proportion meta-analysis
provided a pooled proportion estimate of infertility
cases and the associated FGTB cases, along with
corresponding confidence intervals.

Table 2 reveals substantial heterogeneity among the
included studies, indicating variations in effect sizes beyond
random chance. On the other hand, Table 2 indicates no
significant publication bias in the selected studies. These
results shed light on the variability and reliability of the
data and contribute to a comprehensive understanding of
the impact of FGTB on female infertility.

According to Figure 3, it evaluates the potential impact of
publication bias and the reliability of the included studies’
results. It can be seen from this plot that the spread of
the data points is uniform, and the observed differences
in effect estimates are likely due to random variation,
which indicates that there is likely no publication bias or
heterogeneity among the included studies.

Figure 4 illustrates the forest plot containing data from
six studies, encompassing a total of 534 cases. The
meta-analysis provides compelling evidence supporting
the association between FGTB and infertility. Both
the fixed effects and random effects models show a
significant correlation between FGTB and infertility,
with a prevalence of approximately 34.86%. The results
emphasize the significant impact of FGTB on infertility,
highlighting the need for effective interventions to
improve reproductive health in affected women.

The systematic review and meta-analysis conducted
have highlighted the significant impact of FGTB on
female infertility. To effectively address this issue, it
is imperative to delve into the underlying pathways
through which TB bacteria contribute to infertility in
women. In the upcoming section, we will explore the
specific FGTB pathways that play a role in causing

female infertility. Understanding these pathways will
help us identify potential targets for intervention and
develop strategies to enhance reproductive outcomes for
women affected by FGTB.

Mechanism of female
mediated female infertility

FGTB-mediated female infertility involves complex
mechanisms that disrupt the reproductive system,

genital tuberculosis

Table 1: Studies included in the meta-analysis of
prevalence of female genital tuberculosis in infertile

women
Study Positive Total infertility
FGTB cases cases
Agarwal et al., 2016!"% 19 54
Sharma et al., 202214 38 70
Al eryani et al., 20151 47 151
Thangappah e al., 20220 51 153
Saxena et al., 20220171 6 43
Khanna and Agrawal, 201118 26 63
Total 187 534

FGTB: Female genital tuberculosis

Table 2: Test for heterogeneity and publication bias
in studies assessing the impact of female genital
tuberculosis on infertility
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Figure 3: Funnel plot of pooled effect estimates for correlation of female
genital tuberculosis and infertility

Figure 4: Forest plot of the association between genital tuberculosis and
infertility in women
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primarily affecting the fallopian tubes, endometrium,
and ovaries. The major mechanisms involved in
FGTB-induced toxicity are immune dysregulation,
altered secretion of growth factors and cytokines,
hormonal signaling disruption, reduced expression of cell
adhesion molecules, and disrupted gene expression and
signaling pathways. These mechanisms play significant
roles in implantation failure and infertility outcomes.
Table 3 explores the intricate pathways through which
FGTB exerts its adverse effects on female fertility.

CONCLUSION
This systematic review and meta-analysis provide

compelling evidence of the significant association
between FGTB and female infertility. The findings

underscore the urgent need for heightened awareness and
understanding of FGTB’s impact on reproductive health.
Pathway analysis highlights potential therapeutic targets
to enhance uterine receptivity, immune modulation, and
FGTB treatment while combating bacterial resistance.
By delving deeper into the underlying mechanisms, we
have identified promising interventions, including the
utilization of interferon gamma and nuclear receptors,
which could revolutionize FGTB management and
amplify women’s prospects for successful conception
and pregnancy.

This study serves as a clarion call to address FGTB
as a critical health concern, advocating for increased
clinical trials and targeted strategies to enhance global
reproductive health and empower women. We can pave

Table 3: Key pathway mechanisms involved in female genital tuberculosis-induced female infertility

Mechanism Prominent/causal genes Altered function Reference
Immune IFN-y MTB and its virulent proteins function as antigens, initiating an [6,19-23]
dysregulation CXCL9 inflammatory response and triggering IFN-y production
IFN-y further induces the secretion of CXCL9 by inflammatory cells
CXCL9 binds to its receptor CXCR3, forming a complex that activates the
PI3K pathway and downstream molecule AKT
Elevated levels of IFN-y and IL-2, along with increased CXCL9
expression, contribute to implantation failure
Modulation of Nurr 77 MTB lipids and mycolic acid modulate orphan nuclear receptors [6]
nuclear receptors Nurrl This modulation suppresses steroid signaling and follicle maturation
pp g g
RORA Cell wall lipids of MTB interact with nuclear receptors
PXR This interaction promotes survival and forms lipid-enriched foamy
FXR macrophages
PPARa These macrophages weaken the immune response by inhibiting cytokine
LXR secretion
Rev-erba Apoptosis is abated due to this weakening of the immune response
PPARs
Reduced expression ~ CDH1 Reduced level of cell adhesion molecules leads to recurrent implantation [24]
of cell adhesion MUC1 failure
molecules MECAT9
ITGAVB3
Growth factors LIF LIF activates STAT3 pathways, which induce VEGF transcription [25-27]
VEGF Lowered LIF and VEGF lead to reduced uterine receptivity
Insufficient levels result in unsuccessful placentation
Imbalanced levels cause improper embryonic implantation
Endocrine LRH1 Reduces anti-Mullerian hormone [28-31]
dysfunction VDR Modulates estrogen, human chorionic gonadotropin, progesterone, and
LXR steroidogenesis
TR4 Lowers granulosa cell differentiation, folliculogenesis, oocyte yield, and
PPARg O\Tarian reser\fe . . '
PXR Disturbs ovarian steroidogenesis and ovulation

MTB: Mycobacterium tuberculosis, VEGF: Vascular endothelial growth factor, IFN-y: Interferon gamma, CXCL9: Chemokine ligand 9,
RORA: RAR related orphan receptor A gene, PXR: Pregnane X receptor gene, LIF: Leukemia inhibitory factor, LRH1: Liver receptor
homolog 1, VDR: Vitamin D receptor, LXR: Liver X receptor, TR4: Testicular receptor, PPARg: Peroxisome proliferator activated receptor,
PXR: Pregnane X receptor
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the way toward a future where infertility caused by FGTB
becomes a relic of the past, allowing every woman to
experience the profound joy of motherhood.
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