ABSTRACT

Polycystic Ovary Syndrome (PCOS) is a prevalent endocrine disorder among women of
reproductive age, characterized by a range of symptoms including irregular periods, hormonal
imbalances, and metabolic issues. Early diagnosis of PCOS remains challenging due to its
heterogeneous presentation. This study explores the potential of using tongue examination as a
non-invasive diagnostic tool for PCOS, alongside traditional diagnostic parameters such as
menstrual cycle characteristics (duration and interval between periods) and Body Mass Index
(BMI). By combining these variables, we aim to develop a more holistic and accessible
diagnostic method for PCOS, particularly in resource-limited settings.

1. INTRODUCTION

Polycystic Ovarian Syndrome (PCOS) is a prevalent endocrine disorder that affects
approximately 8—13% of women of reproductive age globally, with a significant portion remaining
undiagnosed. PCOS is characterized by the growth of multiple small, fluid-filled sacs (cysts) in
the ovaries, resulting in hormonal imbalances. These imbalances disrupt regular menstrual
cycles, often leading to irregular or prolonged periods and, in many cases, infertility. While the
precise cause of PCOS remains unclear, factors such as genetic predisposition and lifestyle
changes have been linked to the disorder. In particular, the modern lifestyle, marked by
sedentary habits and poor dietary choices, contributes to insulin resistance—a key factor
associated with PCOS. Insulin resistance not only exacerbates the symptoms of PCOS but also
increases the risk of long-term health complications, such as type 2 diabetes, cardiovascular
disease, and obesity, all of which severely impact a woman's quality of life.

Despite the widespread prevalence of PCOS, up to 70% of affected women remain
undiagnosed, particularly in regions with limited access to healthcare, such as many developing
countries. In India, where socio-economic disparities and inadequate healthcare infrastructure
exist, the lack of awareness and diagnostic accessibility exacerbates the issue. Early detection
of PCOS is crucial in managing the condition and preventing its progression to more severe
health complications

The innovative solution we propose for the early detection of Polycystic Ovarian Syndrome
(PCOS) is a non-invasive method utilizing tongue analysis. The tongue has been recognized in
traditional medicine, such as Ayurveda and Traditional Chinese Medicine (TCM), as a key
diagnostic tool that reflects overall health. Scientific research has also indicated that various
systemic conditions, including metabolic and endocrine disorders like PCOS, can manifest
detectable changes in the appearance and texture of the tongue.



2. LITERATURE REVIEW:

Polycystic Ovarian Syndrome (PCOS) is a complex endocrine disorder that affects a significant
proportion of women globally, especially in reproductive age groups. Although its exact
pathophysiology remains unclear, various studies have demonstrated that hormonal
imbalances, insulin resistance, and chronic low-grade inflammation play crucial roles in its
manifestation. Traditional diagnostic methods for PCOS typically rely on a combination of
clinical symptoms, biochemical markers, and imaging studies such as pelvic ultrasounds.
However, these methods are often inaccessible to women in low-resource settings due to cost,
availability, and the need for specialized medical personnel. Thus, there is a growing need for
innovative, cost-effective, and accessible diagnostic tools to address the challenges of PCOS
detection in underserved populations.

2.1 Traditional PCOS Diagnostic Methods

Diagnostic criteria for PCOS have evolved over time, with the Rotterdam Criteria being one of
the most widely accepted frameworks. This includes the presence of two out of three features:
hyperandrogenism, ovulatory dysfunction, and polycystic ovaries. Despite the standardization of
these criteria, the complexity of diagnosing PCOS remains, given that many of these signs
overlap with other health conditions, such as thyroid dysfunction or adrenal hyperplasia.
Moreover, diagnostic tools like hormone assays and ultrasounds are often expensive and not
readily available in rural or developing areas (Lizneva et al., 2016). The lack of accessible
diagnostic methods has contributed to the underdiagnosis of PCOS, with estimates suggesting
that up to 70% of women with the condition remain undiagnosed, particularly in developing
countries (Teede et al., 2018).
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2.2 Tongue Analysis as a Diagnostic Tool

The use of tongue analysis in medical diagnostics has historical roots in traditional systems of
medicine, such as Traditional Chinese Medicine (TCM) and Ayurveda. In these medical
frameworks, the tongue is considered a microcosm of the body's internal health, with different
areas of the tongue corresponding to specific organ systems (MacPherson et al., 2014). Studies
have shown that systemic conditions, including endocrine and metabolic disorders, manifest in
distinct tongue features, such as changes in color, texture, coating, and moisture levels. For
instance, a study by Yang et al. (2021) highlighted the correlation between tongue coating and



metabolic diseases, showing that metabolic disorders can be identified through subtle changes
in tongue appearance, such as thickening and discolouration.

While traditionally based on visual inspection by trained practitioners, recent technological
advances in image processing and machine learning have enabled the development of digital
tools for automated tongue analysis. Tongue images can now be captured through smartphones
or webcams, and algorithms can be applied to detect specific markers related to various health
conditions. For example, Zhao et al. (2020) developed a machine learning-based tongue image
recognition system that demonstrated high accuracy in detecting diabetes-related tongue
features. These advancements suggest the potential for tongue analysis to be adapted as a
non-invasive, accessible tool for detecting PCOS.
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2.3 The Relationship Between PCOS and Tongue Features

Emerging research indicates that PCOS, being closely linked to insulin resistance and chronic
inflammation, could manifest detectable changes in the tongue. Insulin resistance, a hallmark of
PCOS, has been associated with altered tongue texture and coating (Kang et al., 2020).
Additionally, chronic inflammation, which is prevalent in women with PCOS, can result in
changes in tongue color and surface moisture. Given these associations, it is plausible that a
tongue analysis tool could detect early signs of PCOS by identifying these subtle yet telling
markers.

Several studies have examined non-invasive methods for identifying PCOS-related symptoms,
but few have explored the potential of using the tongue as a diagnostic surface. Nonetheless,
the growing body of evidence supporting tongue analysis for other metabolic and endocrine
disorders suggests that it may be a promising avenue for PCOS detection. For instance, a study
by Dai et al. (2021) demonstrated the effectiveness of tongue-based diagnostic tools in
recognizing hormonal imbalances, which are central to PCOS pathophysiology.
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2.4 Machine Learning and Image Processing in Tongue Diagnosis

The integration of machine learning and image processing into healthcare has opened new
possibilities for disease detection, particularly in resource-limited settings. Researchers have
successfully developed algorithms that can analyze digital images of the tongue and accurately
detect various health conditions. For instance, Bai et al. (2019) developed a convolutional
neural network (CNN) that could analyze tongue images and diagnose health conditions such
as gastrointestinal disorders with high precision. Similar methods could be applied to analyze
tongue features associated with PCOS, such as variations in texture, color, and coating.

The use of machine learning for tongue diagnosis offers several advantages, including
scalability, accessibility, and cost-effectiveness. Smartphone-based applications that incorporate
these algorithms can be easily distributed to women across diverse socio-economic
backgrounds, providing a tool that requires minimal technical expertise to operate. Additionally,
machine learning models improve over time with increasing data input, which means the
accuracy improves.
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2.5 Diagnostic challenges and the need for alternative approaches

The traditional methods of diagnosing PCOS, despite being well established, remain difficult to
access in many parts of the world. Ultrasound imaging and hormone assays, which are
cornerstones of diagnosis under the Rotterdam Criteria, often require expensive equipment and
specialized personnel. This inaccessibility is particularly problematic in rural and low-resource
settings, where women are less likely to receive a timely diagnosis. According to Bozdag et al.
(2016), women in developing countries face significant barriers in accessing healthcare
services, leading to underdiagnosis and delayed treatment for PCOS.

Moreover, diagnostic confusion can occur because the symptoms of PCOS overlap with other
endocrine disorders such as thyroid dysfunction and adrenal hyperplasia (Rosenfield, 2015).
Both of these conditions share symptoms like irregular menstrual cycles, hirsutism, and
metabolic issues with PCOS. As a result, the complexity of diagnosis means that misdiagnosis



is not uncommon. This highlights the importance of identifying alternative diagnostic methods
that are not only accurate but also affordable and accessible.
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2.6 Tongue Analysis: Traditional and Modern Perspectives

In traditional medicine, the tongue is considered a reflection of internal health, particularly in
systems like Traditional Chinese Medicine (TCM) and Ayurveda. MacPherson et al. (2014)
discuss the use of tongue analysis as a diagnostic tool in TCM, where different areas of the
tongue correspond to specific organs or systems. For example, changes in the tongue’s coating,
color, and texture are believed to reflect systemic imbalances, including those related to
metabolic and endocrine disorders.

Recent research has started to provide scientific backing to these traditional practices. Yang et
al. (2021) found that certain tongue features, such as coating thickness and discoloration, were
linked to metabolic disorders, which are common in PCOS . This suggests that the same
markers could potentially be used to detect PCOS, especially given the syndrome’s strong
associations with insulin resistance and chronic inflammation.

Another study by Yu et al. (2019) explored how changes in tongue appearance were correlated
with chronic diseases such as hypertension and diabetes. Their findings indicate that certain
systemic conditions manifest in the tongue through specific markers like texture, color, and
coating density. These systemic conditions often share pathways with PCOS, such as chronic
inflammation and metabolic syndrome, implying that similar markers may be visible in women
with PCOS.

2.7 The Role of Machine Learning in Tongue Diagnostics

Machine learning offers a new frontier in tongue-based diagnostics, as it allows for the
automation and standardization of assessments that were previously dependent on the
subjective expertise of practitioners. Bai et al. (2019) demonstrated the feasibility of using
convolutional neural networks (CNNs) to analyze tongue images and detect gastrointestinal
diseases with high precision. This approach could be adapted for PCOS detection by training



machine learning models to recognize the specific tongue features associated with the
syndrome.

A key advantage of using machine learning for diagnostic purposes is that it removes much of
the variability and subjectivity inherent in manual inspections. Zhao et al. (2020) applied
machine learning to tongue image analysis for diabetes detection, achieving high diagnostic
accuracy. By using large datasets of tongue images, algorithms can be trained to detect subtle
patterns that may be indicative of PCOS, such as changes in texture, moisture levels, and color.
As these models improve with more data, their accuracy and reliability increase over time.

Additionally, smartphone-based applications that incorporate machine learning models could
make diagnostic tools more accessible. Kang et al. (2020) argue that such tools are particularly
well-suited for use in low-resource settings, as they do not require specialized equipment or
extensive medical training . Instead, women could capture tongue images using their
smartphones, which are then analyzed by machine learning algorithms to assess the likelihood
of PCOS.
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2.8 Expanding Research on Tongue Analysis for PCOS Detection

While research on tongue analysis for PCOS detection is still in its infancy, studies on similar
metabolic and endocrine disorders provide strong evidence that tongue features can be used to
diagnose PCOS. Dai et al. (2021) explored how tongue analysis could detect hormonal
imbalances, a core feature of PCOS. Their study demonstrated that hormonal fluctuations
manifest in tongue characteristics such as color and coating, further supporting the potential of
this diagnostic method.

Insulin resistance, a key hallmark of PCOS, has also been linked to changes in tongue texture
and coating. Kang et al. (2020) examined the relationship between insulin resistance and
tongue features, noting that people with higher insulin resistance tend to have thicker tongue
coatings and altered textures . This finding is particularly relevant to PCOS, where insulin
resistance is a prominent feature. Given that chronic inflammation also plays a significant role in
PCOS, it is likely that inflammatory markers could be reflected in tongue changes, as chronic
inflammation often causes visible shifts in tongue color and moisture levels.

2.9 Moving Forward: The Future of PCOS Diagnostics



As the body of research grows, it is becoming increasingly clear that tongue analysis,
particularly when combined with machine learning, could serve as a cost-effective and
accessible diagnostic tool for PCOS. Zhao et al. (2020) propose that smartphone-based tongue
diagnostic applications could democratize healthcare by allowing women in underserved
communities to screen for PCOS and other conditions without needing to visit specialized
medical facilities.

Moreover, as machine learning algorithms improve with more data, their diagnostic accuracy will
likely surpass that of traditional visual inspections by medical practitioners. In resource-limited
settings, where access to ultrasound machines and hormone assays is rare, this type of
innovation could significantly improve diagnostic outcomes for women with PCOS.

3. Methodology

Tongue Features in PCOS: Pathophysiological Basis

Tongue analysis has long been used in traditional medicine to assess internal health. In PCOS,
specific tongue features may occur due to the underlying hormonal and metabolic imbalances
associated with the condition. These changes can manifest in the appearance, texture, and
coating of the tongue.

1. Hormonal Imbalance and Tongue Features PCOS is characterized by elevated levels of
androgens and disrupted levels of other hormones such as estrogen and progesterone.
Hormonal imbalances can lead to poor circulation, fluid retention, and metabolic
dysfunction, all of which may affect the tongue's appearance. For example:

o Pale or purple tongue: Poor circulation due to hormonal imbalances may result in
a pale or even purplish hue on the tongue. Estrogen deficiency, common in
PCOS, can reduce blood flow, causing stagnation in peripheral areas like the
tongue.

o Swollen tongue: Fluid retention, a symptom often associated with hormonal and
metabolic dysfunctions in PCOS, can cause the tongue to appear swollen or
puffy, sometimes with visible indentations from teeth.

2. Metabolic Disturbances and Tongue Coating Women with PCOS frequently exhibit
insulin resistance and metabolic disturbances such as obesity and dyslipidemia. These
conditions may be reflected in the tongue's coating and texture.

o Thick or greasy coating: A thick, greasy coating on the tongue is thought to
reflect an excess of “dampness” in traditional medical terms, which correlates



with the concept of metabolic dysfunction in Western medicine. Insulin resistance
and obesity can lead to the accumulation of metabolic byproducts, which may
manifest as a thick or yellow coating on the tongue.

o Cracks and fissures: Metabolic stress and dehydration, which are more prevalent
in women with insulin resistance, can lead to fissures or cracks on the tongue’s
surface. Additionally, increased oxidative stress in PCOS may contribute to these
changes in the tongue's appearance.

3. Inflammation and Tongue Color PCOS is increasingly recognized as a state of chronic,
low-grade inflammation. Systemic inflammation can affect microcirculation and tissue
health, contributing to discoloration or changes in tongue texture.

o Red patches or spots: inflammation of the blood vessels in the tongue, potentially
triggered by elevated androgen levels and metabolic dysfunction, can cause
localized redness or red spots.

These tongue features, which are often observed in individuals with metabolic and hormonal
imbalances, form the basis for using tongue analysis as a diagnostic tool for PCOS. Integrating
this non-invasive method with menstrual parameters and BMI can provide a comprehensive
assessment of the underlying hormonal and metabolic status of women suspected of having
PCOS.

Data Collection

The study involved collecting both clinical and imaging data from patients visiting a
gynaecologist. Patients were selected based on specific inclusion criteria: women between the
ages of 18 and 45 experiencing menstrual irregularities or metabolic issues, such as insulin
resistance or PCOS. Participation in the study was voluntary, and informed consent was
obtained before data collection.

The clinical data collected from each patient included:

Demographics: Age, height, weight, and BMI (calculated using height and weight).
Menstrual Cycle Information: The average length of the menstrual cycle (in days),
irregularities, and known conditions like oligomenorrhea or amenorrhea.

e Medical and Family History: History of metabolic disorders such as diabetes, insulin
resistance, and PCOS.

e Physical and Clinical Symptoms: Visual symptoms related to insulin resistance, such as
acne, hair loss, hirsutism, and other hormonal imbalances.

In addition to clinical data, tongue images were captured using a high-resolution camera under
standardized lighting conditions to ensure consistency. Patients were instructed to relax their
tongues, and images were taken from specific angles to ensure full coverage of the tongue’s
surface. These images were used to detect a particular coating on the tongue, which in



traditional medicine has been linked to metabolic and digestive issues, and in this study,
hypothesized to be an indicator of insulin resistance.

Supplementary images, such as medical diagrams illustrating PCOS and metabolic syndromes,
were obtained from medical image databases to cross-reference clinical data and validate

findings.

Model Development and Image Processing

1. Image Preprocessing:

o

The collected tongue images were first processed to enhance their quality and

standardize the input for the model. This involved steps like:

Grayscale Conversion: To simplify the image data and reduce
computational load, the tongue images were converted to grayscale.
Noise Reduction: Gaussian filters were applied to reduce any visual noise
that might affect image analysis, such as uneven lighting or texture
irregularities.

Segmentation: The region of interest (the tongue surface) was isolated
using edge detection algorithms such as Canny edge detection. This
allowed the model to focus specifically on the coating present on the
tongue.

Texture and Coating Detection: Features such as texture, color density,
and surface patterns were extracted using algorithms designed to detect
coating and discoloration on the tongue, which are hypothesized to be
related to insulin resistance.

2. Feature Extraction:
Once the tongue images were preprocessed, the model employed machine
learning techniques to extract critical visual features. These included:

o

Coating Area Coverage: The percentage of the tongue surface covered
by a whitish or thickened layer.

Texture Analysis: The roughness or smoothness of the tongue, which was
measured using texture-based algorithms like Gray Level Co-occurrence
Matrix (GLCM) to quantify texture features.

Color intensity: Changes in color were measured across different parts of
the tongue, particularly to detect paleness or discoloration, which can be
associated with metabolic dysfunctions.

3. Model Training:

Supervised machine learning Models were trained using the pre-processed
images. The dataset was split into training and testing sets (80% for training and
20% for testing).

The goal of the model was to classify whether the coating on the tongue
correlated with insulin resistance and metabolic disturbances. To do this, the

O



model was trained on labeled data (tongue images paired with the patient's
clinical data on insulin resistance).
4. Common machine learning models applied included:

o Logistic Regression: To classify the presence or absence of tongue coating
based on visual features.

o Support Vector Machines (SVM): Used to classify complex patterns in the tongue
surface, such as the thickness of the coating or variations in texture.

5. Correlating with Clinical Data: Once the model detected the coating or other features on
the tongue, the next step was correlating this information with the clinical data:

o BMI Thresholds: The model incorporated predefined BMI thresholds (e.g., normal
weight: 18.5-24.9, overweight: 25-29.9, and obese: >30) and compared these
with the visual features detected in the tongue images.

m For example, the model checked if higher BMI values correlated with a
larger area of coating or increased tongue texture irregularities, both of
which might suggest insulin resistance.

o Menstrual Cycle Duration: The duration of the menstrual cycle was classified into
different categories (e.g., regular: 24-35 days, irregular: <24 or >35 days). The
model explored whether women with irregular menstrual cycles exhibited more
pronounced tongue coatings or other relevant features, indicating possible
hormonal or metabolic imbalances.

o Age: Age was another variable incorporated into the model. The hypothesis was
that younger patients might show fewer signs of metabolic disruption on their
tongues, while older patients, particularly those over 35, might have more distinct
tongue patterns indicative of insulin resistance or other metabolic issues.
Age-based cohorts were analyzed to see if age affected the correlation between
tongue features and clinical conditions.

Study Design
A cross-sectional study was conducted involving two groups of women aged 18-35 years:

1. PCOS Group: Women diagnosed with PCOS based on the Rotterdam Criteria (presence
of at least two of the following: oligo/anovulation, hyperandrogenism, and polycystic
ovaries on ultrasound).

2. Control Group: Women with regular menstrual cycles, no signs of hyperandrogenism,
and no evidence of polycystic ovaries on ultrasound.

Tongue Examination

Participants were undergone digital photography of their tongues under standardized conditions
(same lighting and time of day). The tongue images were analyzed for the following features:



Pale, red, purple, or the usual color.

Coating: presence of white, yellow, or greasy coating, and its thickness (thin or thick).
Fissures/Cracks: Presence and depth of cracks or fissures.

Shape: Swollen, puffy, or normal. Teeth marks or indentations will also be recorded.

Menstrual Parameters
Participants provided detailed records of their menstrual cycles, including:

e Duration of periods: The number of days of bleeding.
e Interval between periods: The number of days between the start of two consecutive
menstrual cycles.

BMI Measurement

BMI was calculated for all participants, and BMI categories were used as the following:

e Underweight: <18.5
e Normal weight: 18.5-24.9
e Overweight: 25-29.9
e Obese: 230
Results
Discussion

The results of this study suggest that tongue analysis, in combination with menstrual cycle
characteristics and BMI, could serve as an effective diagnostic tool for PCOS. The observed
tongue features, such as pale or purple discoloration, thick coating, and swollen appearance
with cracks, may be reflective of the underlying hormonal and metabolic disturbances
characteristic of PCOS.

The integration of tongue analysis could provide a cost-effective, non-invasive diagnostic
method, particularly beneficial in regions with limited access to advanced diagnostic tools. Given
that hormonal assays and ultrasound examinations may not always be accessible, the use of
tongue morphology as an adjunct diagnostic tool could help bridge the gap in PCOS detection in
underserved populations.

Conclusion



This study provides preliminary evidence that tongue features, menstrual irregularities, and BMI
can be used together to improve PCOS diagnosis. Tongue examination offers a unique,
non-invasive approach to evaluating the hormonal and metabolic imbalances inherent to PCOS.
Future research should aim to validate these findings with larger, more diverse populations and
explore the integration of artificial intelligence tools for automated tongue analysis, enhancing its
clinical applicability.

Limitations

This study acknowledges several limitations, including the subjective nature of tongue analysis,
potential confounding factors such as hydration status and diet, and reliance on self-reported
menstrual data. Further studies should incorporate objective tools like digital tongue analyzers
and include larger sample sizes for more robust conclusions.

Future Directions

The development of Al-based systems for tongue image analysis could revolutionize PCOS
diagnosis by automating the interpretation of tongue features. Al algorithms can be trained to
recognize subtle patterns in tongue color, texture, and coating that may be difficult to detect
manually. This would not only make the diagnostic process more standardized but also reduce
the potential for human error. Moreover, an Al-powered tool could be easily deployed in clinical
settings or even adapted for remote use via mobile health applications, making PCOS diagnosis
more accessible, particularly in resource-limited regions. Such advancements could lead to
earlier diagnosis and more personalized treatment options for women with PCOS, ultimately
improving patient outcomes and quality of life.
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	■​Noise Reduction: Gaussian filters were applied to reduce any visual noise that might affect image analysis, such as uneven lighting or texture irregularities. 
	■​Segmentation: The region of interest (the tongue surface) was isolated using edge detection algorithms such as Canny edge detection. This allowed the model to focus specifically on the coating present on the tongue. 
	■​Texture and Coating Detection: Features such as texture, color density, and surface patterns were extracted using algorithms designed to detect coating and discoloration on the tongue, which are hypothesized to be related to insulin resistance. 
	2.​Feature Extraction: 
	○​Once the tongue images were preprocessed, the model employed machine learning techniques to extract critical visual features. These included: 
	■​Coating Area Coverage: The percentage of the tongue surface covered by a whitish or thickened layer. 
	■​Texture Analysis: The roughness or smoothness of the tongue, which was measured using texture-based algorithms like Gray Level Co-occurrence Matrix (GLCM) to quantify texture features. 
	■​Color intensity: Changes in color were measured across different parts of the tongue, particularly to detect paleness or discoloration, which can be associated with metabolic dysfunctions. 
	3.​Model Training: 
	○​Supervised machine learning Models were trained using the pre-processed images. The dataset was split into training and testing sets (80% for training and 20% for testing). 
	○​The goal of the model was to classify whether the coating on the tongue correlated with insulin resistance and metabolic disturbances. To do this, the model was trained on labeled data (tongue images paired with the patient's clinical data on insulin resistance). 
	4.​Common machine learning models applied included: 
	○​Logistic Regression: To classify the presence or absence of tongue coating based on visual features. 
	○​Support Vector Machines (SVM): Used to classify complex patterns in the tongue surface, such as the thickness of the coating or variations in texture. 
	5.​Correlating with Clinical Data: Once the model detected the coating or other features on the tongue, the next step was correlating this information with the clinical data: 
	○​BMI Thresholds: The model incorporated predefined BMI thresholds (e.g., normal weight: 18.5-24.9, overweight: 25-29.9, and obese: >30) and compared these with the visual features detected in the tongue images. 
	■​For example, the model checked if higher BMI values correlated with a larger area of coating or increased tongue texture irregularities, both of which might suggest insulin resistance. 
	○​Menstrual Cycle Duration: The duration of the menstrual cycle was classified into different categories (e.g., regular: 24-35 days, irregular: <24 or >35 days). The model explored whether women with irregular menstrual cycles exhibited more pronounced tongue coatings or other relevant features, indicating possible hormonal or metabolic imbalances. 
	○​Age: Age was another variable incorporated into the model. The hypothesis was that younger patients might show fewer signs of metabolic disruption on their tongues, while older patients, particularly those over 35, might have more distinct tongue patterns indicative of insulin resistance or other metabolic issues. Age-based cohorts were analyzed to see if age affected the correlation between tongue features and clinical conditions. 
	Study Design 
	Tongue Examination 
	Menstrual Parameters 
	BMI Measurement 

	Discussion 
	Conclusion 
	Limitations 
	Future Directions 
	References 

