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Abstract
Uterine fibroids are commonly benign but significantly impact women’s health due to undiagnosed asymptomatic 
progression and lack of awareness. While hysterectomy and myomectomy remain the primary treatments for 
uterine fibroids, patients need non-surgical alternatives in overall fibroid management. Modern scientific methods 
such as Artificial Intelligence (AI)-driven diagnostics combined with ancient healing techniques can provide 
alternative curing methods for affected patients. In this review, we have highlighted three key non-surgical 
approaches along with molecular basis of uterine fibroid development for futuristic personalized therapies. 
The non-surgical methods include (i) AI driven diagnostics using 3D Super-Resolution Diffusion-Weighted 
Imaging (SR-DWI) and support vector machines (SVMs), (ii) Phytochemical-based therapeutics such as curcumin 
(Curcuma longa), resveratrol (Vitis vinifera), and epigallocatechin gallate (EGCG, Camellia sinensis), (iii) Physical 
therapies like Yoga and acupuncture. Advanced imaging techniques improve diagnostic accuracy which allows 
timely intervention. Phytochemicals regulate fibrotic pathways, while yoga and acupuncture alleviate stress 
and support uterine health, providing a comprehensive non-surgical treatment approach. Additionally, we also 
describe the molecular basis for uterine fibroid development in terms of germline mutations, epigenetics and 
signalling pathways which are well correlated with our proposed phytochemical and physical therapies. Overall, 
we emphasize that the AI driven diagnostics combined with ancient therapeutic approaches offer an adjunctive 
strategy for effective fibroid management thereby potentially reducing the need for hysterectomy.

Key points
1.This review highlights emerging non-surgical strategies for managing uterine fibroids, including AI-driven 
diagnostic tools, phytochemical-based treatments, and traditional therapies such as yoga and acupuncture. 
2. These approaches offer promising alternatives to surgery, aiming to preserve fertility and improve the quality of 
life for affected women. 
3. The integration of molecular insights with non-invasive therapies supports a more personalized and holistic 
approach to fibroid care.
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Introduction
Uterine Fibroids (UFs), also known as uterine leiomyo-
mas or myomas, are benign growths that develop in the 
muscular wall of the uterus, affecting 70% of women by 
the age of 50 [1]. The exact cause of uterine fibroids is not 
fully understood; however, genetic predisposition, hor-
monal influences-especially estrogen, progesterone and 
various growth factors are thought to contribute to their 
development [2]. UF may manifest with symptoms such 
as heavy menstrual bleeding (menorrhagia), pelvic pain, 
urinary symptoms, and reproductive dysfunction [3]. 
Depending on their size and location, UF can interfere 
with fertility by distorting the uterine cavity, impairing 
implantation, or causing abnormal uterine contractil-
ity [4]. UF significantly impacts a woman’s quality of life, 
causing physical discomfort, psychological distress, and 
interference with daily activities [1].

Ultrasonography-based estimates suggest that the 
cumulative incidence of fibroids in women aged 50 or 
younger is significantly higher in Black women, sur-
passing 80% compared to approximately 70% in White 
women. This high level of incidence results in substantial 
medical costs exceeding $5.9 billion (and up to $34.3 bil-
lion) annually in the United States alone [1]. In addition 
to their high prevalence, UF are often linked to various 
gynaecological disorders, including endometriosis, ade-
nomyosis, infertility, ovarian dysfunction, and, in rare 
cases, malignant progression to leiomyosarcoma, endo-
metrial cancer, or breast cancer [5]. It is well established 
that cancer arises due to a combination of genetic and 
epigenetic alterations [6, 7]. Analyzing molecular signa-
tures can help predict disease progression, facilitating 
the early identification of high-risk individuals who may 
require closer surveillance [8]. UF are complex benign 
tumors with a heterogeneous molecular profile, shaped 
by genetic mutations, hormonal influences, and epigen-
etic modifications that contribute to their formation. The 
primary molecular and genetic subtypes of UF include 
mutations in the mediator complex subunit 12 (MED12), 
translocations involving high mobility group AT-hook 1 
(HMGA1) or high mobility group AT-hook 2 (HMGA2), 
and alterations in collagen genes (COL4A5–COL4A6) 
[9].

Ever since the first hysterectomy was performed, 
surgery has been the main treatment for symptom-
atic fibroids. The most common procedures were total 
abdominal hysterectomy or myomectomy. To make sur-
gery less invasive, mini-laparotomic techniques, includ-
ing mini-laparotomy-assisted vaginal surgery have also 
been used [10]. In 1995, a French group introduced a new 
way to treat fibroids called uterine artery embolization 

(UAE) using Ivalon particles. This treatment improved 
symptoms in 11 out of 16 patients and 10 patients had 
their menstrual cycles return to normal [11]. In 1999, a 
large study with 305 patients showed that UAE controlled 
heavy bleeding in 86% of cases after three months and 
92% after one year [12].

An image-guided technique called magnetic resonance 
imaging (MRI)-guided Focused Ultrasound Surgery has 
been available for several years. It was approved by the 
European Medicines Agency (EMA) in 2002 and the US 
FDA in 2004 [13]. However, since CT and MRI scans 
are expensive and not widely accessible, ultrasonogra-
phy remains the primary imaging method for diagnosing 
uterine fibroids due to its high sensitivity and specific-
ity. Despite its advantages, ultrasound diagnosis of uter-
ine fibroids still faces several challenges. One issue is 
the difficulty in distinguishing between subserosal and 
large fibroids or between pelvic and adnexal masses [14]. 
Another challenge is the lack of standardized imaging 
views and variations in ultrasound equipment, which 
affect detection accuracy. Additionally, the accuracy of 
ultrasound diagnosis depends on the skill and experience 
of the ultrasonographer [15]. To improve diagnostic accu-
racy, artificial intelligence (AI) has been used to develop 
a deep convolutional neural network (DCNN) model 
that automatically detects uterine fibroids in ultrasound 
images. This model differentiates between the presence 
and absence of fibroids and has been both internally and 
externally validated [16]. Traditional imaging diagnosis 
relies heavily on the expertise of physicians. However, AI, 
through machine learning and deep learning, provides 
better image analysis, consistency, and objectivity, help-
ing improve decision-making in fibroid detection.

Since ancient times, plants and plant-based com-
pounds have played a vital role in traditional medicine 
and have also been a major source of new drugs in mod-
ern pharmaceuticals. Complementary and alternative 
medicine (CAM) approaches, such as exercise, dietary 
changes, herbal treatments, and acupuncture, have also 
been explored for fibroid management. Traditional Chi-
nese Medicine (TCM) formulations, including Gui Zhi 
Fu Ling Tang (GFLT), have shown potential in reduc-
ing fibroid size [17–20]. Holistic strategies that incorpo-
rate lifestyle changes, detoxification, and yoga may help 
alleviate symptoms and enhance the biopsychosocial 
well-being for women with fibroids [21]. Yoga, in partic-
ular, has gained attention as a non-invasive method for 
managing uterine fibroids, with emerging research sug-
gesting its role in hormonal balance and symptom relief, 
though more rigorous studies are needed to confirm its 
effectiveness. This review looks at how herbal treatments 
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and yoga can help manage uterine fibroids without sur-
gery. Yoga is known to support hormone balance, reduce 
stress-related inflammation, and ease fibroid symptoms. 
Natural compounds like curcumin, EGCG, and resvera-
trol may help slow fibroid growth by affecting key genes 
and biological pathways. New tools in precision medi-
cine, AI-based diagnostics, and targeted therapies are 
also improving how fibroids are detected and treated. 
The review highlights key findings and their clinical value 
to help bring these approaches into everyday gynecologi-
cal care.

Molecular-level insights in uterine fibroids: evidence-
based non-surgical alternatives
Mutations in specific genes such as Mediator Complex 
Subunit 12 (MED12) and alterations in High Mobility 
Group AT-hook 2 (HMGA2) are recognized as biologi-
cal drivers of uterine fibroid (UF) formation. Of these, 
MED12 mutations are the most prevalent, occurring in 
85% of cases and facilitating abnormal cell proliferation 
through activation of the (Wnt)/β-catenin and (TGF-β) 
pathways [22–25]. On the other hand the HMGA2 aber-
rations, generally caused by chromosomal alterations at 
12q15, promote rapid tumor growth through the acti-
vation of Insulin-like Growth Factor (IGF) and Protein 
Kinase B (AKT) signaling pathways, angiogenesis, upreg-
ulation of Estrogen Receptor 1 (ESR1), cyclins D1–D3 
(CCND1, CCND2, CCND3), growth factors including 
Fibroblast Growth Factor 2 (FGF2) and Vascular Endo-
thelial Growth Factor A (VEGFA) [26–30].

A small subset of uterine fibroids also harbors Colla-
gen Type IV Alpha 5/6 chains (COL4A5/COL4A6) dele-
tions, often accompanied by increased Insulin Receptor 
Substrate 4 (IRS4) expression and SNF2-related CREBBP 
Activator Protein (SRCAP) mutations that are associated 
with chromatin remodeling defects [31–33].

Epigenetic changes also play an important role in uter-
ine fibroids. For example, abnormal DNA methylation 
of genes such as ESR1, Progesterone Receptor (PR), and 
the tumor suppressors KLF11 and DLEC1 can disrupt 
hormone sensitivity and affect stem cell differentiation 
[34–37]. In addition, histone modifications involving the 
H19/let-7/TET3 pathway increase the expression of pro-
fibrotic genes, including Transforming Growth Factor-
beta Receptor 2 (TGFBR2), Secreted Protein Acidic and 
Rich in Cysteine (SPARC), and collagens [38, 39].

At the signaling level, the dysregulation of the Wnt/β-
catenin pathway [40–43] and TGF-β pathway [44–47] 
promotes proliferation, survival, and extracellular matrix 
accumulation. Importantly, while uterine fibroids (UFs) 
exhibit genetic and epigenetic alterations, their trans-
formation into malignancies such as uterine leiomyosar-
coma (ULMS) is extremely rare [48–52], breast cancer 
[53–56], and endometrial cancer [57–60], that can be 

fostered by a combination of factors, including altera-
tions in MED12, HMGA2, and Fumarate Hydratase (FH), 
as well as hormonal and lifestyle factors. Together, these 
molecular observations provide mechanistic insight and 
raise the possibility of developing effective, non-invasive 
therapies to target both systemic and lifestyle factors that 
promote UF growth.

To systematically summarize these findings, Table  1 
provides an overview of the major genetic and epigenetic 
alterations in UFs, their molecular consequences, and 
implicated signaling pathways. This table highlights how 
diverse molecular events converge on common biological 
mechanisms particularly abnormal cell cycle regulation, 
extracellular matrix (ECM) remodeling, and hormone 
sensitivity that collectively drive UF progression.

Medical imaging-based diagnostic and therapeutic in 
uterine fibroids
Hysterectomy and myomectomy were the surgical 
modalities of treatment for uterine fibroids; however, 
these have been substituted lately by different other 
means of management such as minimally invasive 
and artificial intelligence interventions. Technological 
improvement recently introduced non-invasive meth-
ods and targeted therapies for fibroid treatment such as 
promising high-intensity focused ultrasound, percuta-
neous microwave ablation, or pharmacotherapies that 
interrupt the multiplication of the fibroid at the molec-
ular level. Novel therapies of uterine fibroids that rely 
on deep learning models, and machine learning-based 
diagnostics are changing the way that uterine fibroids 
are detected and treated. Figure 1 thus illustrates the pro-
gressively shifting paradigm in fibroid management and 
visualizes the integration of Artificial Intelligence and 
molecular-targeted therapies for precision medicine and 
non-surgical options.

Artificial intelligence in the diagnosis of uterine fibroids
Artificial intelligence (AI), specifically deep learning 
(DL), has transformed medical imaging and diagnos-
tics [82]. As a component of DL approach, Deep con-
volutional neural networks (DCNNs) have turned into 
advanced computer-aided diagnostic (CAD) tools. In an 
effort to enhance ultrasound diagnosis of uterine fibroids, 
a DCNN model has been developed to automatically 
identify and categorize UFs. This model showed that it 
could recognize several fibroid masses of different sizes 
in a single image, identify fibroids, and differentiate 
between their presence and absence. The model dem-
onstrated its ability to improve diagnostic performance 
and reduce dependence on senior ultrasonographers by 
achieving improved sensitivity, specificity and accuracy 
when compared to junior ultrasonographers [16].
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Deep learning in segmentation and imaging  Recent 
developments in deep learning hold great potential for 
enhancing imaging and segmentation methods used 
in the diagnosis of UFs. This is exemplified in the Deep 
Learning-Based 3D Super-Resolution Diffusion-Weighted 
Imaging (SR-DWI) model, which uses generative adver-
sarial networks (GANs) to improve MRI resolution and 
allow for more precise radiomic feature extraction. With 
an internal validation AUC of 0.877 and an external vali-
dation AUC of 0.800, this model outperformed conven-
tional high-resolution DWI models [83]. Moreover, a high 
Dice score of 0.95 was achieved by an automatic UF seg-
mentation 3D nnU-Net model referenced against the per-
formances of experienced radiologists for UF segmenta-
tion. This methodology makes the monitoring of therapy 
responses easy through repeatable volumetric measure-
ments with very minimal human effort [84].

Application of machine learning and radiomics in the 
prognosis of HIFUs  With advantages such as higher 
therapeutic efficacy, shorter recovery time, fewer com-
plications and high-intensity focused ultrasound (HIFU) 
has gained prominence as a non-invasive treatment 
for uterine fibroids. Achieving optimal results requires 
careful preoperative evaluation, where parameters like 
fibroid size, location and tissue composition along with 
fertility intentions and imaging-based predictors of treat-
ment response are carefully considered to identify suit-
able candidates and plan individualized therapy in line 

with current clinical and regulatory standards [83]. When 
combined with multiparametric MRI radiomics charac-
teristics, machine learning models have evolved as crucial 
tools for predicting the outcome of HIFU therapy [85]. In 
a study, an AUC of 0.887 and an accuracy of 84.9% were 
attained by a ReliefF-SVM (Support Vector Machine) 
model that evaluated T2-weighted and diffusion-weighted 
MRI characteristics for predicting treatment results. This, 
in turn, backed the patient selection and thus established 
a greater accuracy for preoperative assessment. In addi-
tion, the imaging and clinical-factor measurements of 
a radiomics-clinical model demonstrated an AUC of 
0.802 in predicting the nonperfused volume (NPV) ratio, 
which is an important marker of treatment efficacy. The 
ML techniques might aid the physician in performing 
more individual-based preoperative assessments, which 
translate to better and more specific therapy guidelines 
[86, 87]. Another study indicated that radiomics models 
employing advanced imaging methods, such as CE-T1WI 
and T2WI-FS, achieved an AUC of 0.884 in external vali-
dation, highlighting their predictive accuracy [88]. Addi-
tionally, machine learning models like Random Forest and 
Multilayer Perceptron were instrumental in predicting 
postoperative results, including the absorption of necrotic 
tissue and the recurrence of fibroids, which are vital for 
determining follow-up plans and improving patient care 
[89]. Thus, AI, ML, and radiomics have hugely improved 
the management of the UFs by increasing diagnostic 
accuracy, enhancing imaging resolution and personaliz-

Fig. 1  Illustration of the evolving landscape of uterine fibroid management, highlighting the transition from traditional surgical interventions to modern 
non-surgical approaches, including pharmacological, lifestyle-based, and complementary therapies. The figure also emphasizes the emerging role of 
artificial intelligence (AI) and machine learning in guiding personalized treatment decisions, predicting patient outcomes and optimizing non-invasive 
strategies
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ing HIFU treatment schemes. These advancements set the 
stage for precision medicine in the care of fibroids, adding 
to the optimization of treatment planning and filling gaps 
in the diagnostic resource. To provide a clearer overview 
of these advancements, Table 2 summarises the key AI 
and radiomics models applied in UF diagnosis and prog-
nosis, including dataset characteristics, validation strate-
gies, performance metrics, and clinical implications along 
with its limitations and population characteristics.

Surgical therapeutics in uterine fibroids
Hysterectomy in uterine fibroids  The first successful 
elective hysterectomy was performed in 1813 by Con-
rad Langenbeck via the vaginal approach. Today, nearly 
two centuries later, hysterectomy remains the second 
most frequently performed surgery among women of 
reproductive age [94]. Based on recent epidemiologi-
cal estimates, approximately 80,000 hysterectomies are 
performed annually in the United Kingdom and over 
600,000 in the United States, corresponding to an aver-
age rate of 300–400 cases per 100,000 women annually. 
The majority of these procedures (over 70%) are per-
formed for benign gynecological conditions, including 
uterine fibroids (33%), menorrhagia (21%), uterine pro-
lapse (28%), and chronic pelvic pain (3%) [15]. In India, 
the prevalence of hysterectomy is steadily rising, with data 
revealing that one in every ten elderly Indian women has 
undergone uterus removal with higher rates observed in 
rural regions due to limited access to alternative treat-
ments. This upward trend in hysterectomy prevalence 
across India has prompted a closer examination of its 
clinical indications and procedural preferences. Pandey 
et al. (2014) conducted a hospital-based analysis reveal-
ing that symptomatic uterine fibroids accounted for 40% 
of hysterectomy cases, followed by pelvic organ prolapse 
at 16%, with an overall complication rate of 8.5% [95]. 
Further regional insights from Maharashtra, as reported 
by Uikey, Wankhede, and Tajne (2018), demonstrated an 
even higher prevalence of fibroid-related hysterectomies, 
comprising 65.33% of case [96, 97]. Here, Fig. 2 illustrates 
the state-wise distribution of hysterectomy cases across 
India, highlighting the regional variations in prevalence 
and a comparative overview of how hysterectomy rates 
differ between states, reflecting disparities that may arise 
from variations in healthcare access, awareness levels, 
socio-economic status, and regional healthcare poli-
cies. Such visualization helps in identifying high-burden 
states and underscores the need for region-specific 
public health strategies to manage uterine health more 
effectively. Despite being a common procedure, hyster-
ectomy is not without consequences, women undergoing 
this surgery may experience early menopause, hormonal 
imbalances, increased risk of cardiovascular diseases and 
long-term pelvic dysfunction. The irreversible loss of the 

uterus not only impacts physical health but also carries 
profound psychological and societal implications, making 
it imperative to reconsider its widespread use, especially 
when effective non-surgical options exist.

Hysteroscopic management of submucosal 
fibroids  Hysteroscopic intervention is a key minimally 
invasive strategy for treating submucosal fibroids, allow-
ing direct visualisation and precise excision of fibroid tis-
sue while preserving the uterine architecture. Compared 
with conventional open or laparoscopic myomectomy, 
hysteroscopy generally results in less postoperative dis-
comfort, shorter hospital stays, and faster recovery times. 
In recent years, laser ablation has gained attention as an 
alternative or adjunct to conventional resectoscopic tech-
niques, utilising focused energy to remove fibroid tissue 
accurately while minimising thermal injury to surround-
ing endometrium [98, 99].

Despite these advantages, hysteroscopic procedures are 
not entirely risk-free. Complications may include uterine 
perforation, fluid overload, postoperative adhesions or 
incomplete fibroid removal. Furthermore, as a relatively 
recent innovation, laser ablation has limited long-term 
outcome data, and fibroid recurrence can occur in some 
patients. Careful patient selection, thorough preoperative 
imaging, and strict adherence to surgical protocols are 
therefore essential to mitigate potential risks.

For women in perimenopause, treatment should be tai-
lored to each person’s needs by considering their intense 
clinical symptoms, whether they still wish to have chil-
dren, their hormone levels, and any other health prob-
lems. This personalized approach helps relieve symptoms 
effectively while avoiding unnecessary or excessive treat-
ments [100, 101]. Additionally, comprehensive patient 
counselling and shared decision-making allow women 
to make informed choices regarding surgical versus non-
surgical alternatives based on clinical suitability and per-
sonal preference.

Overall, hysteroscopic resection and laser ablation pro-
vide effective and minimally invasive options for manag-
ing submucosal fibroids. However, a careful balance of 
clinical benefits, potential complications, and patient-
specific factors is essential to achieve the most favourable 
outcomes.

GnRH agonist therapies in uterine fibroids  By induc-
ing a state of hypoestrogenism and temporary meno-
pause with amenorrhea, GnRH agonists have been used 
to shrink fibroids and restore hemoglobin levels in symp-
tomatic women [102–104]. Their prolonged use is limited 
due to side effects, including hot flashes and bone density 
reduction [105]. There was a notable improvement in pre- 
and postoperative hemoglobin levels, along with signifi-
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cant reductions in uterine volume, gestational size, fibroid 
volume, and hospital stay duration. Additionally, blood 
loss and the frequency of vertical incisions decreased for 
both myomectomy and hysterectomy procedures [106]. 
Moreover, treatment with GnRH agonists is linked to 
histological alterations in UFs that can complicate sur-
gical procedures. Preoperative use of leuprolide acetate 
may lead to myoma degeneration and the loss of the clear 
boundary between the myoma and myometrium, mak-
ing the enucleation and removal of myomatous nodules 
challenging. These myxoid changes can cause the fibroids 
to become very small and soft, making them difficult to 
detect, which could result in some fibroids being missed 
during myomectomy.

Selective progesterone receptor modulator (SPRM) in 
uterine fibroids  Selective progesterone receptor modu-
lators (SPRMs) are a specialized class of synthetic steroids 
engineered to interact with progesterone receptors (PR) 
in a highly targeted and tissue-specific manner [107]. 
These modulators exhibit a distinctive blend of agonis-
tic and antagonistic effects that vary depending on the 
relative proportions of PR-A and PR-B isoforms within 

the tissue. Targeting the fundamental processes behind 
fibroid development and the symptoms that accompany 
it, this subtle interaction aids SPRMs in the successful 
management of UFs [108]. Ulipristal acetate (UPA), a 
selective progesterone receptor modulator, demonstrates 
therapeutic efficacy by inhibiting cell proliferation and 
inducing apoptosis in uterine fibroid cells, leading to 
fibroid shrinkage and improved control of abnormal uter-
ine bleeding. However, its clinical use has been restricted 
in several regions following regulatory safety warnings 
regarding potential liver toxicity, and current guidelines 
recommend its administration under strict monitoring 
protocols [109]. Clinical trials, including PEARL III and 
PEARL IV, as well as the VENUS-II study, have demon-
strated UPA’s efficacy in managing fibroid symptoms and 
achieving substantial reductions in fibroid volume over 
both short-term and extended treatment regimens [110]. 
These advancements are indeed promising, but it’s essen-
tial to consider the serious concerns related to the risks 
of endometrial pathology and liver toxicity that can come 
with the use of SPRMs. This highlights the importance 
for further research to holistically understand and man-
age these risks. More recent SPRMs, such as telapristone 

Fig. 2  Visualization of uterine loss due to hysterectomy among women aged 45 years and older across rural and urban regions of India. The data, ob-
tained from the survey, highlights regional and demographic disparities in hysterectomy prevalence. This figure generated using Datawrapper, under-
scores the differential burden of surgical intervention in fibroid management and emphasizes the need for accessible non-surgical treatment options in 
diverse settings
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acetate and vilaprisan, are now being developed and offer 
improved efficacy and safety [111]. These upcoming treat-
ments could improve the options available for managing 
UFs, giving hope for more effective and precise treatment 
methods. Offering a focused strategy that enhances prog-
nostic results, SPRMs constitute a substantial develop-
ment in the handling of UFs. However, continued inves-
tigation and clinical evaluation are essential to optimize 
their application and ensure that their benefits outweigh 
any potential risks, ultimately advancing patient care in 
the field of gynecology.

Uterine artery embolization (UAE) and ultrasound-
guided radiofrequency ablation (USgRFA)  A well-
recognized and successful treatment for hypervascular 
uterine fibroids is uterine artery embolization (UAE), 
which mainly reduces the size of the fibroid and allevi-
ates associated symptoms [112, 113]. This minimally inva-
sive technique occludes arteries supplying the uterus to 
effect ischemic infarction in the fibroids, which causes 
the fibroids to shrink [114]. This treatment offers several 
benefits, such as a faster recovery time, being less invasive 
than surgery and no restrictions on the size or number 
of fibroids that can be treated [115]. Women who need 
to retain their fertility are usually discouraged from the 
UAE for possible ovarian function hazards and higher 
instances of pregnancy-related concerns which may 
encompass miscarriage, preterm delivery, intrauterine 
growth restriction (IUGR), malpresentation, abnormal 
placentation and postpartum hemorrhage [116]. This 
may indicate that, while UAE does pose threats, it could 
be an option to be considered for women wishing to con-
ceive in the future, although caution must be exercised. 
Innovative treatment techniques like ultrasound-guided 
radiofrequency ablation (USgRFA) are proving to be safer 
alternatives with effective symptom relief but less com-
plication and possibly lower risk to fertility. The low pain 
threshold and few side effects of USgRFA make it a viable 
choice for day surgery settings [117]. It uses the VizAblate 
System, a combination of intrauterine sonography and 
radiofrequency ablation. It has been shown safe and effec-
tive, even in bigger fibroids [118]. Ultimately, the choice 
between UAE and other treatments should be guided by 
individual patient needs, particularly regarding fertility 
preservation.

Complementary and adjunctive non-surgical 
approaches (Phytochemicals, Yoga, Acupuncture)
Important phytochemicals in uterine fibroids
Phytochemicals are biologically active compounds 
derived from plants, which have always been at the cen-
tre of traditional medicine as well as modern pharma-
cology, providing the means for the discovery of many 
therapeutic agents against UF. Curcumin is one such 

compound that has been known for its antiproliferative 
and antifibrotic effects on the leiomyoma cells by mod-
ulating apoptotic pathways. Isoliquiritigenin induces 
growth inhibition and apoptosis in human UF cells [119]. 
Other phytochemicals of therapeutic potential such as 
apigenin, chlorogenic acid, emodin, ferulic acid, morin, 
pterostilbene and naringin still await further experimen-
tal validation for their role as treatments for UF [120]. 
Undoubtedly, nerolidol has been found to induce dose-
dependent antiproliferative activity in ELT3 leiomyoma 
cells by modulating the ATM/AKT pathway, downregu-
lating the levels of cyclin-dependent kinases CDK4 and 
CDK6, and inducing cell cycle arrest at the G1 phase 
[121]. Also, Epigallocatechin Gallate (EGCG) demon-
strated clinical efficacy in reducing the volume of fibroids 
with an associated reduction in its symptoms devoid of 
any adverse effects [122]. Curcumol is a possible can-
didate for therapeutic utilization that inhibits cell pro-
liferation and migration while inducing G0/G1-phase 
cell cycle arrest and apoptosis through the p38 MAPK/
NF-κB signaling pathway [123]. Dietary phytoconstitu-
ents capsaicin, kaempferol, resveratrol, silibinin, and cur-
cumin have shown regulatory effects on the important 
fibroid-associated pathways, which include Smad 2/3, 
PI3K/AKT/mTOR, ERK 1/2, and β-catenin, thus indi-
cating their role in the prevention and treatment of UF 
[124]. Apart from that, quercetin substantially reduces 
the mRNA and protein levels of collagen 1A1 and fibro-
nectin in leiomyoma cells. Indole-3-carbinol (I3C) mani-
fests similar antifibrotic effects, indicating their value in 
therapeutic dietary supplementation or localized treat-
ment [125]. Figure 3 shows key phytochemicals and their 
nutraceutical sources, including fruits, vegetables, and 
medicinal plants. These bioactive compounds such as fla-
vonoids, polyphenols, and terpenoids are noted for their 
antioxidant, anti-inflammatory, and hormone-regulating 
effects, highlighting their role in uterine fibroid manage-
ment. Because of their diverse mechanisms of action in 
modulating proliferation, inflammation, angiogenesis, 
and fibrosis, these phytochemicals show much prom-
ise as alternative or adjunctive strategies to UF manage-
ment. Therefore, continued and stringent preclinical and 
clinical investigations that will optimize their therapeutic 
benefit and flatten the path toward inclusion in current 
treatment regimens for fibroids.

Yoga as an adjunctive therapy for symptom management 
and physiological regulation in uterine fibroids
Yoga is a holistic mind-body discipline that combines 
physical postures, breathing techniques and meditation 
to promote physiological and psychological balance. In 
recent years, it has gained attention as a complementary 
therapy for improving health-related quality of life and 
alleviating symptoms in women with uterine fibroids 
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(UF). A clinical study by Baiju et al. (2024) [126] dem-
onstrated that a 90-day structured yoga intervention 
led to significant reductions in fibroid size, endometrial 
thickness, and ovarian volume, accompanied by marked 
improvements in symptom severity and overall qual-
ity-of-life scores (UFS-QOL) among reproductive-age 
women. Although the study was limited by its small sam-
ple size and lack of a control group, the findings provide 
promising preliminary evidence that yoga may benefi-
cially influence fibroid pathophysiology by restoring neu-
roendocrine balance, reducing systemic inflammation, 
and improving uterine blood flow through measurable 
physiological mechanisms.

Further evidence supports yoga’s potential role in mod-
ulating reproductive and hormonal health. Cramer et al. 
(2018) [127], in a systematic review, reported that yoga 
improves menstrual regularity, pain perception, and psy-
chological well-being in gynecologic conditions such as 
dysmenorrhea and polycystic ovarian syndrome, both 
of which share inflammatory and hormonal pathways 
with uterine fibroids. Complementing this, Yadav et al. 
(2020) [128] observed that yoga practice may regulate the 
hypothalamic-pituitary-gonadal (HPG) axis and attenu-
ate stress-induced cortisol secretion, thereby promote 
uterine homeostasis and reduce hormone-driven fibroid 
progression. Additionally, regular yoga practice has been 

shown to enhance parasympathetic activation and lower 
oxidative stress, which together improve pelvic circula-
tion and myometrial relaxation key factors in mitigating 
UF-related symptoms such as pelvic pressure and menor-
rhagia [129, 130].

Taken together, current evidence suggests that yoga 
serves as an effective adjunctive approach rather than 
a primary treatment for uterine fibroids. While direct 
proof of yoga-induced fibroid regression remains lim-
ited, its demonstrated benefits in symptom relief, stress 
reduction, and endocrine stabilization justify its inclu-
sion as a supportive strategy in UF management. To sub-
stantiate these findings, future research should focus on 
well-designed randomized controlled trials with larger 
sample sizes and standardized yoga protocols to clarify 
the magnitude and mechanisms of its therapeutic effects. 
Further, Table 3 summarizes yoga postures and breathing 
exercises that have been reported to produce measurable 
improvements in uterine fibroid parameters, supporting 
their role as an adjunctive, non-invasive approach in UF 
management, as evidenced by clinical outcomes docu-
mented by P. Sharma et al. (2020) [131].

Acupuncture in uterine fibroids
Acupuncture is one of the cornerstones of Traditional 
Chinese Medicine (TCM) that has existed for several 

Fig. 3  Illustration of the key etiological factors contributing to uterine fibroid development and their management through non-surgical interventions. 
The figure highlights hormonal imbalances, genetic predispositions and lifestyle-related triggers as root causes and presents phytochemicals, yoga, and 
other complementary approaches as potential strategies to mitigate fibroid growth and symptoms. This visualization emphasizes the integration of 
evidence-based holistic therapies in fibroid management, offering alternatives to invasive surgical procedures
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millennia in pursuit of either restoring normalcy or cur-
ing various ailments, specifically pertaining to repro-
ductive dysfunctions [144]. It is a minimally invasive 
treatment that targets the root cause of uterine fibroids 
(UF) rather than just relieving symptoms which makes it 
more suitable as a complementary therapy, not a primary 
evidence-based treatment. Also, the acupuncture effec-
tiveness is thought to come from its ability to balance the 
hypothalamic–pituitary–ovarian (HPO) axis, which plays 
a key role in maintaining reproductive health [145]. Acu-
puncture might, thus, relieve endocrine dysregulation 
associated with the pathogenesis of UF by modulating 
patterns of secretion of the gonadotropin-releasing hor-
mone (GnRH) and hormone levels [146]. Coupled with 
its role in increasing uterine perfusion, this opens up a 
vascular-mediated mechanism of action for acupuncture 
that could alleviate symptom severity and control fibroid 
growth [147]. Given that the formation of UFs depends 
on a complex interplay of estrogen, progesterone, and 
fibrogenic growth factors, acupuncture may be one of 
those adjunctive techniques that might provide a thera-
peutic benefit by re-establishing pelvic neurovascular 
dynamics and modulating inflammatory cytokine activity 
[148, 149]. Another dimension of its mechanistic action 
has been that of signal transduction to connective tissue, 
into which mechanical signals would flow [150]. Acu-
puncture shows therapeutic potential and should be used 
as a complementary approach alongside standard evi-
dence-based treatments. More clinical studies are needed 
to confirm its long-term effectiveness and to improve 
treatment protocols. Its ability to support endocrine, vas-
cular, and inflammatory balance highlights its value as an 
adjunct therapy for UF.

Clinical considerations in non-surgical 
management of uterine fibroids
Optimal use of non-surgical interventions requires care-
ful patient stratification. Pharmacological therapies 
are particularly useful for premenopausal women with 
smaller fibroids or those preparing for fertility, as these 
agents can suppress estrogen-driven proliferation and 
control menorrhagia. Another management such as UAE 
and HIFU are considered for patients with symptomatic 
fibroids who do not desire immediate pregnancy; how-
ever, pre-procedural imaging and fibroid characteriza-
tion (size, number, and location) are critical to predict 
efficacy and minimize complications. Regular follow-up 
with imaging and laboratory assessments is essential to 
monitor fibroid response, detect regrowth, and manage 
treatment-related adverse effects. Furthermore, patient 
comorbidities, accessibility to specialized centers and 
personal preferences must be incorporated into the deci-
sion-making process to ensure individualized therapy.

Limitations and challenges of non-surgical 
methods in uterine fibroids
The non-surgical management of uterine fibroids 
includes medications, minimally invasive procedures, 
lifestyle approaches and newer AI-based tools, each with 
their own strengths and limitations. Medications such 
as hormonal therapies and selective receptor modula-
tors can reduce symptoms effectively but they often lead 
to recurrence once treatment stops and may cause side 
effects or be unsuitable for some patients. Minimally 
invasive procedures like uterine artery embolization and 
high-intensity focused ultrasound can shrink fibroids 
in a targeted way, but their success depends on factors 
such as fibroid size, location, blood supply and they may 
not always resolve symptoms completely. Lifestyle and 
complementary strategies, including yoga, dietary phy-
tochemicals, and acupuncture, can help improve quality 
of life and provide symptom relief. However, their ben-
efits are inconsistent, adherence is often difficult and 
strong clinical evidence is still lacking, meaning they can-
not yet be relied on as standalone treatments. Emerging 
AI-assisted approaches show promise in tailoring treat-
ment and predicting outcomes more precisely, but these 
remain in early stages, limited by high costs and the need 
for large-scale validation.

Overall, while non-surgical strategies are expanding, 
their variable effectiveness, patient-specific challenges, 
and lack of long-term data mean that treatment must 
still be carefully individualized. Future progress will rely 
on well-designed clinical trials, continued research, and 
the integration of advanced technologies to strengthen 
non-invasive options and reduce the need for surgery 
ultimately leading to better outcomes and quality of life 
for patients.

Conclusion
Uterine fibroids are a significant but frequently over-
looked health issue for women, leading to symptoms such 
as heavy bleeding, pain, fertility problems and emotional 
distress. Traditional treatment options, such as surgical 
procedures (e.g., myomectomy, hysterectomy), have seri-
ous risks, can result in irreversible changes and are not 
appropriate in all cases. Within this context, integrative 
approaches combining emerging technologies and com-
plementary therapies offer a promising yet evolving path 
forward.

Artificial Intelligence (AI) has begun to show real 
promise in improving the diagnosis and treatment plan-
ning for uterine fibroids. For example, deep convolutional 
neural networks (DCNN) applied to ultrasound images 
have permitted junior sonographers to achieve diagnos-
tic accuracy (94–95%) for fibroid visualization compara-
ble to senior radiologists [16]. AI models have also been 
developed to predict outcomes for patients undergoing 
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uterine artery embolization and the associated expected 
symptom relief, achieving moderate predictive perfor-
mance (area under the curve ~ 0.75–0.87) in small pilot 
studies [151]. These findings suggest that AI may act as 
a decision-support tool though large-scale validation and 
integration into clinical workflows, but it remain prereq-
uisites for broader adoption.

Phytochemicals such as Epigallocatechin gallate 
(EGCG), curcumin, quercetin, and resveratrol have 
shown mechanistic results in preclinical models, particu-
larly through modulation of some pathways such as TGF-
β, Wnt/β-catenin, YAP, JNK, and AKT that are implicated 
in fibroid proliferation and fibrosis [152]. Notably, an 
early-phase clinical trial of EGCG reported a reduction 
in fibroid size and symptom relief, though the effect sizes 
and durability remain uncertain [122]. In addition, a ran-
domized clinical trial using green tea extract (800 mg/
day) found a statistically significant decrease in fibroid 
volume and symptom severity in premenopausal women 
compared to placebo, without serious adverse effects 
[119]. Even though these results are encouraging but 
more rigorous randomized controlled trials are needed 
to confirm efficacy, optimal dosing, safety and long-term 
outcomes.

In our review, we found that research focused specifi-
cally on women with fibroids is still limited and often 
based on small studies. A combined approach that uses 
AI-driven diagnostic tools, evidence-based phytochemi-
cals, and supportive physical therapies appears promis-
ing but is still in the early stages of development. While 
current evidence is preliminary but these methods high-
light the potential to move beyond surgery as the pri-
mary treatment option, toward more personalizedand 
less invasive care. More well-designed clinical trials and 
translational studies are needed to confirm their effec-
tiveness, guide clinical use, and ensure patient safety. 
With ongoing research, this integrated approach could 
expand treatment options, reduce the overall burden of 
the disease and improve the quality of life for women liv-
ing with fibroids.
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