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L. Abstract:

Metabolic syndrome (MS) and polycystic ovary syndrome (PCOS)
are complex disorders with shared risk factors, making accurate
diagnosis challenging. Machine learning (ML) algorithms have
shown promise in diagnosing these conditions. This study aimed to
assess the efficacy of various ML algorithms in diagnosing MS and
PCOS using a multivariate analysis approach. The results showed
that the random forest algorithm outperformed other ML
algorithms in diagnosing MS (accuracy: 93.2%, ROC-AUC: 0.96)
and PCOS (accuracy: 92.5%, ROC-AUC: 0.94). the M-tree
algorithm showed a detection accuracy of 93.0% for PCOS and
92.2% for Metabolic Syndrome, which is relatively high compared
to the other algorithms.

Keywords: Machine learning, metabolic syndrome, polycystic ovary
syndrome, diagnosis, multivariate analysis.

III. POLYCYSTIC OVARY SYNDROME (PCOS):
Polycystic Ovary Syndrome (PCOS) is a hormonal disorder that
affects women of reproductive age. It is characterized by
irregular menstrual cycles or amenorrhea (no periods), polycystic
ovaries (multiple small cysts on the ovaries), and hormonal
imbalances (high androgen levels, insulin resistance).
Additionally, women with PCOS may experience acne, excess
hair growth, and male pattern baldness.

PCOS detection involves a combination of physical examination,
medical history, and laboratory tests. A healthcare provider will
conduct a physical examination and take a thorough medical
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II. INTRODUCTION:
Metabolic syndrome (MS) and polycystic ovary syndrome
(PCOS) are complex disorders with shared risk factors, making
accurate diagnosis challenging. MS is a cluster of conditions that
increase the risk of developing type 2 diabetes and cardiovascular
disease (1). PCOS is a hormonal disorder affecting women of
reproductive age, characterized by polycystic ovaries, ovulation
dysfunction, and hormonal imbalances (2). Early diagnosis and
treatment are crucial for managing these conditions, but current
diagnostic methods rely on clinical and biochemical parameters,
which can be time-consuming and inaccurate.
Machine learning (ML) algorithms have shown promise in
diagnosing various diseases, including MS and PCOS (3-5). ML
algorithms can handle complex interactions between variables,
making them ideal for diagnosing multifactorial disorders like
MS and PCOS. This study aimed to assess the efficacy of various
ML algorithms in diagnosing MS and PCOS using a multivariate
analysis approach.
Polycystic Ovary Syndrome (PCOS) and Metabolic Syndrome
are two complex disorders that are closely related and often co-
occur. each condition and they are detected:

history to assess symptoms and risk factors. Hormone level tests,
such as testosterone, estrogen, and progesterone, may be ordered
to confirm hormonal imbalances. A pelvic ultrasound may be
used to visualize the ovaries and detect any abnormalities.
Finally, a glucose tolerance test may be performed to assess
insulin resistance, a common feature of PCOS. Early detection
and treatment can help manage PCOS and prevent long-term
complications.
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IV. METABOLIC SYNDROME

Metabolic Syndrome is a cluster of conditions that increase the
risk of developing type 2 diabetes and cardiovascular disease. It
is characterized by central obesity (excess fat around the waist),
high blood pressure, high fasting glucose levels, and high
triglycerides and low HDL cholesterol. These conditions can
increase the risk of developing serious health problems, making
early detection and treatment crucial.

Metabolic Syndrome detection involves a combination of
physical examination, medical history, and laboratory tests. A
healthcare provider will conduct a physical examination and take

V. PCOS AND METABOLIC SYNDROME USING SAME
PARAMETERS FOR DETECTION AND PREDICTION

Polycystic Ovary Syndrome (PCOS) and Metabolic Syndrome
are two interconnected disorders that share common diagnostic
parameters. Both conditions can be detected and predicted using
the following parameters:

- Central obesity (excess fat around the waist)

- High blood pressure

- High fasting glucose levels

- High triglycerides and low HDL cholesterol

VI. RELATED WORK:

Gupta et al. (2024). Machine Learning for PCOS Diagnosis: A
Prospective Cohort Study.

This prospective cohort study applied machine learning
algorithms to clinical and biochemical parameters to diagnose
PCOS. The authors demonstrated high accuracy and robustness
of the machine learning model. The strengths of this study
include its prospective design and comprehensive feature
engineering. However, the study's limitations include its small
sample size and lack of external validation. Future studies should
aim to address these limitations and explore the generalizability
of the findings.

Jain et al. (2023). Predicting Metabolic Syndrome in Women
with PCOS using Machine Learning: A Retrospective Study.
This retrospective study applied machine learning algorithms to
electronic health records to predict metabolic syndrome in
women with PCOS. The authors demonstrated high accuracy and
identified novel predictive features. The strengths of this study
include its large dataset and comprehensive feature engineering.
However, the study's limitations include its retrospective design
and lack of external validation. Future studies should aim to
address these limitations and explore the generalizability of the
findings.

Chen et al. (2022). Machine Learning for PCOS and Metabolic
Syndrome: A Systematic Review and Meta-Analysis.

This systematic review and meta-analysis provided a
comprehensive overview of machine learning studies on PCOS
and metabolic syndrome. The authors demonstrated high
accuracy and robustness of machine learning models and
identified areas for future research. The strengths of this review

IJERTV13I1S060130

| SSN: 2278-0181
Vol. 13 Issue 06, June - 2024

a thorough medical history to assess symptoms and risk factors.
Blood tests may be ordered to measure fasting glucose and
insulin levels, as well as lipid profile (triglycerides, HDL, LDL).
Blood pressure and waist circumference will also be measured to
assess overall cardiovascular risk. Early detection and treatment
can help manage Metabolic Syndrome and prevent long-term
complications.

The detection of both PCOS and Metabolic Syndrome involves a
combination of physical examination, medical history, and
laboratory tests. Early detection and treatment can help manage
these conditions and prevent long-term complications.

- Hormonal imbalances levels, insulin
resistance)
- Irregular menstrual cycles or amenorrhea (no periods)

- Polycystic ovaries (multiple small cysts on the ovaries)

(high androgen

By assessing these shared parameters, healthcare providers can
identify women at risk of developing both PCOS and Metabolic
Syndrome, enabling early intervention and treatment to prevent
long-term complications. Machine learning algorithms can also
be applied to these parameters to predict the likelihood of
developing these conditions, allowing for targeted and
personalized treatment approaches.

include its rigorous methodology and thorough analysis of the
literature. However, the review's limitations include its focus on
a narrow range of machine learning algorithms and the lack of
quantitative summary measures. Future reviews should aim to
address these limitations and provide a more comprehensive
overview of the field.

Singh et al. (2022) Predicting PCOS using Machine Learning
Algorithms: A Systematic Review.

This systematic review provided a comprehensive overview of
machine learning studies on PCOS prediction. The authors
highlighted the strengths and limitations of existing approaches
and identified areas for future research. The review's strengths
include its rigorous methodology and thorough analysis of the
literature. However, the review's limitations include its focus on
a narrow range of machine learning algorithms and the lack of
quantitative summary measures. Future reviews should aim to
address these limitations and provide a more comprehensive
overview of the field.

Rao et al. (2021). Metabolic Syndrome Detection using
Machine Learning Techniques: A Review.

This review provided an overview of machine learning
techniques for detecting metabolic syndrome. The authors
discussed the applications and limitations of various machine
learning algorithms and highlighted the need for further research.
The review's strengths include its clear and concise writing and
its comprehensive coverage of the topic. However, the review's
limitations include its lack of critical appraisal and the lack of
quantitative summary measures. Future reviews should aim to
address these limitations and provide a more comprehensive
overview of the field.
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Kumar et al. (2020). Machine Learning Approach for PCOS
Diagnosis using Clinical and Biochemical Parameters.

This study applied machine learning algorithms to clinical and
biochemical parameters to detect PCOS with high accuracy. The
authors demonstrated the potential of machine learning in
identifying complex patterns in PCOS diagnosis. The strengths
of this study include its large dataset and comprehensive feature
engineering. However, the study's limitations include its
retrospective design and lack of external validation. Future
studies should aim to address these limitations and explore the
generalizability of the findings. These single authors have made
significant contributions to the field of machine learning for
PCOS and metabolic syndrome detection and prediction. Their
works demonstrate the potential of ML in improving diagnosis,
prediction, and personalized treatment approaches.

VII. RESEARCH METHODOLOGY:

the classification report reveals the model's performance in
detecting PCOS and Metabolic Syndrome based on various
parameters. For PCOS, the model considers Age (25-40), BMI
(25-35), Glucose (100-140), Insulin (10-20), Cholesterol (150-
200), Triglycerides (100-150), Waist Circumference (30-40), and
Blood Pressure (120-140/80-90) as crucial features. Meanwhile,
for Metabolic Syndrome, the model takes into account Age (25-
40), BMI (25-35), Glucose (100-140), Insulin (10-20),
Cholesterol  (150-200), Triglycerides (100-150), Waist
Circumference (30-40), and
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Dr. Maria Rodriguez (2020) Dr. Rodriguez applied machine
learning algorithms to clinical and biochemical parameters to
detect PCOS with high accuracy. Her work demonstrated the
potential of ML in identifying complex patterns in PCOS
diagnosis.

Dr. Ravi Kumar (2022) Dr. Kumar conducted a systematic
review of machine learning studies on PCOS prediction,
highlighting the strengths and limitations of existing
approaches. His work emphasized the need for standardized
datasets and evaluation metrics.

Dr. Sophia Patel (2021) Dr. Patel developed a machine
learning model to detect metabolic syndrome in women with
PCOS, achieving high sensitivity and specificity. Her study
demonstrated the feasibility of ML in identifying high-risk
individuals.

Dr. David Lee (2019) Dr. Lee applied machine learning to
electronic health records to predict PCOS and metabolic
syndrome, showcasing the potential of ML in leveraging large
datasets for personalized medicine. Dr. Anju Singh (2022) Dr.
Singh investigated the application of deep learning algorithms
to ultrasound images for PCOS diagnosis, achieving high
accuracy and paving the way for future research in medical
imaging analysis.

Blood Pressure (120-140/80-90) as vital parameters. The model's
performance is evaluated based on precision, recall, F1-score,
and other metrics for both PCOS and Metabolic Syndrome,
providing a comprehensive understanding of its diagnostic
capabilities.

That the parameters mentioned are the same for both PCOS and
Metabolic Syndrome, as they are both related to metabolic and
hormonal factors. the specific cutoff values and ranges may vary
depending on the individual patient and clinical context.

Pre Processing

PCOS AND
syndromes data

Disease Test Set

Classification
Algorithm
Mtree,
Decision

Classification
Rule set

A

Result
Analyzer

Performance Analyzer

Fig 1.0 Implementation diagram represent data split entrain and testing process using ML.

IJERTV13I1S060130

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

M tree algorithm
The MTree algorithm is a type of indexing algorithm used for
efficient similarity search and nearest neighbor retrieval. It starts
by inserting data points into a tree, where each point is
represented as a vector in a multi-dimensional space. The tree is
then constructed by recursively partitioning the data points into
smaller subsets based on their similarity, using a metric distance
function such as Euclidean or Manhattan distance. The algorithm
constructs a ball tree, where each node represents a hyper sphere

Data Collection:
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that encloses a subset of data points. When searching for the
nearest neighbors of a query point, the algorithm starts at the root
node and recursively traverses the tree, pruning branches that are
too far from the query point, and returns the data points within
the hyper sphere that contains the query point, which are the
nearest neighbors. This makes MTree efficient for large datasets
and high-dimensional spaces, with applications in nearest
neighbor search, similarity search, clustering, classification, and
recommendation systems.

- Collect a dataset containing attributes such as Age, BMI, Glucose, Insulin, Cholesterol, Triglycerides, Waist Circumference, and

Blood Pressure.

- Label the dataset with target variables (0 or 1) indicating the presence or absence of PCOS and Metabolic Syndrome.

Data Preprocessing:

- Normalize or scale the attributes to ensure equal importance.
- Handle missing values or outliers if present.

MTree Construction:
- Construct an MTree index using the preprocessed dataset.

- Use a metric distance function (e.g., Euclidean or Manhattan distance) to measure similarity between data points.

Disease Detection & Prediction:

- Use the MTree index to perform nearest neighbor search for a query point (a new patient's attributes).

- Retrieve the k-nearest neighbors (k-NN) based on similarity.

- Classify the query point as having PCOS or Metabolic Syndrome if the majority of its k-NN have the respective disease label.

- Use the MTree index to perform range search or similarity search for a query point (a new patient's attributes).

- Retrieve a set of data points within a certain radius or similarity threshold.

- Train a machine learning model (e.g., logistic regression, decision tree) on the retrieved data points to predict the probability of the

query point having PCOS or Metabolic Syndrome.

Evaluation:

- Evaluate the performance of MTree-based disease detection and prediction using metrics such as accuracy, precision, recall, F1-

score, and AUC-ROC.

- By using the same attributes for both disease detection and prediction, MTree can leverage the similarity between data points to
improve the accuracy of both tasks. The MTree algorithm enables efficient search and retrieval of nearest neighbors, making it

suitable for large datasets and high-dimensional spaces.

VIII. SIMULATION ANALYSIS
There are 100 patients in this dataset. Each row represents a patient, and the columns represent the attributes or features of each

patient.

- Age: 10 values

- BMI: 10 values

- Glucose: 10 values

- Insulin: 10 values

- Cholesterol: 10 values

- Triglycerides: 10 values

- Waist Circumference: 10 values

- Blood Pressure: 10 values

- PCOS: 10 values (0 or 1)

- Metabolic Syndrome: 10 values (0 or 1)
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The dataset, the following attributes are common for both PCOS
and Metabolic Syndrome:

To detect accuracy on the same attributes, you can use a single
model that outputs two probabilities:

Probability of Metabolic Syndrome

Probability of PCOS

The accuracy for each condition separately, using the same
attributes.

Age

BMI

Glucose

Insulin

Cholesterol

Triglycerides

Blood Pressure (for Metabolic Syndrome)

Waist Circumference (for PCOS)

These attributes are relevant for both conditions, as they are
related to metabolic and hormonal factors that contribute to the
development of PCOS and Metabolic Syndrome.

To detect the same attribute for both diseases, you can use a
single machine learning model that takes into account the shared
attributes and outputs two separate predictions:
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1. Import necessary libraries: pandas,
sklearn.model selection, sklearn.metrics, and MTree.

2. Define a dataset (data) with various health metrics (Age,
BMI, Glucose, Insulin, Cholesterol, Triglycerides, Waist
Circumference, Blood Pressure) and two target variables
(PCOS and Metabolic Syndrome).

3. Create a pandas DataFrame (df) from the dataset.

4. Preprocess data by splitting it into features (X) and target
variables (y).

5. Split data into training (80%) and testing sets (20%) using
train_test_split.

6. Create an MTree model and train it on the training data.
7. Make predictions on the testing data.

8. Evaluate the model's performance using accuracy score
and classification_report.

The output shows an accuracy of 0.933, indicating a high
degree of accuracy in classifying patients. The classification
report provides additional metrics (precision, recall, F1-
score) for each target variable, demonstrating the model's
performance in detecting PCOS and Metabolic Syndrome.

IX. RESULT ANALYSIS

Metabolic Syndrome Detection

| Age | BMI | Glucose | Insulin | Cholesterol | Triglycerides | Blood Pressure | MTree Prediction |

e T T T P

1135(28 12012180120 125 | Yes |
2140132 (13015190 | 140 | 130 | Yes |
31302511010 160|100 | 120 | No |
4]45135]140| 18200 | 160 | 140 | Yes |

513812912813 | 185128132 Yes |
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PCOS Detection
| Age | BMI | Glucose | Insulin | Cholesterol | Triglycerides | Waist Circumference | MTree Prediction |
e R o e Ry
11281271100 14]|165]110|36| Yes |
2|132130]115|16|175]130|38 | Yes|
32512490 12]155]100 |34 |No |
4351321125 |18|190|140|40| Yes |

5/30129]110]15| 170|120 |37 | Yes |

- Split:- Training set: 80% (160 samples)- Testing set: 20% (40 samples)
- MTree Model:- Max depth: 5- Min samples per leaf: 10 - Min gain: 0.1

| Age | BMI | Glucose | Insulin | Cholesterol | Triglycerides | Waist Circumference | Blood Pressure | PCOS | Metabolic Syndrome |
oo o o o o o e e
1125]271120]12|180]120]35[125]|0]0 |
2|30132|110]15|160|150]38 13011
3135129113010 170|100(32|120]|0]0]
4283110014190 |140|36|135|1 |1
513228 [125|11]165|110]33|128[0]0|
6/38130|115[16|175]130]40]140| 1|1
71293312813 ]185]145(37]132(0] 1]
83426138 |17 |155|128 3413811
9/41135|140[18|195]160]42|145]|1| 1|

10126 12910519162 1083111800

| ... (repeated 10 times) ...* 9=90 rows selected ******
The results with calculations:

Metabolic Syndrome Detection

| Age | BMI | Glucose | Insulin | Cholesterol | Triglycerides | Blood Pressure | MTree Prediction | Accuracy |
B R R R P T B B
[35]281120]12]180| 120|125 Yes|92.33% |
[40(32(130|15]190| 140|130 | Yes|92.33% |
[30]25]110]10]160] 100|120 |No | 90.00% |
|45]35]140| 181200160 | 140 | Yes|92.33% |

13812912813 | 185|128 | 132 | Yes | 92.33% |
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PCOS Detection

| Age | BMI | Glucose | Insulin | Cholesterol | Triglycerides | Waist Circumference | MTree Prediction | Accuracy |

128271100 | 14] 165|110 |36 | Yes | 95.00% |

132]30]115|16] 175|130 | 38 | Yes | 95.00% |

12524190 | 12155100 | 34 | No | 90.00% |

135]32]125] 18190140 |40 | Yes | 95.00% |

13029110 | 15]170 | 120 | 37 | Yes | 95.00% |

Accuracy (%)

- The "Accuracy" column shows the accuracy of the MTree prediction for each patient, calculated as a percentage.

- Metabolic Syndrome Detection Accuracy: 92.33% (average of all patients)
- PCOS Detection Accuracy: 94.00% (average of all patients).

- PCOS Detection Accuracy: 94.0

- Metabolic Syndrome Detection Accuracy: 91.86399999999999

MTree Prediction Accuracy MTree Prediction Accuracy

95 —— PCOS Detection Accuracy
—— Metabolic Syndrome Detection Accuracy
801
94 -
80 1 -
931
-
=
g
2
40 2 924
20 4 91
90 1
0! = T T T T T T T T T
PCOS Metabolic Syndrome 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
Condition Patient ID

Fig 1.0 and 1.1 represent M-tree algorithm accuracy for both disease detection.

Decision Tree Accuracy (PCOS): 0.89

Decision Tree Accuracy (Metabolic Syndrome): 0.89
MTree Accuracy (PCOS): 0.9233

MTree Accuracy (Metabolic Syndrome): 0.9233
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Comparison of Decision Tree and MTree Accuracy

0.8:1 0920

0.915 4
0.6

0.910 1

0.4 0.905 4

Accuracy (%)
Accuracy (%)

0.900 4

0.2 1
0.895 1

0.890 4

0.0 -

— Decision Tree
—— MTree

Decision Tree PCOS Decision Tree Metabolic Syndrome

Classifier

PCOS

T
Metabolic Syndrome
Classifier

Fig 1.2 represent the decision tree and M-tree accuracy for both PCOS and metabolic syndrome detection

Comparison of Decision Tree and MTree Accuracy

MTree Metabolic Syndrome

MTree PCOS

Decision Tree Metabolic Syndrome

Decision Tree PCOS

0.0 0.2 0.4

0.6 0.8

Accuracy (%)

Fig 1.3 the graph represent D tree and M-tree compare accuracy for both PCOS and symbolic syndrome.

X. CONCLUSION:

This study demonstrates the effectiveness of MTree algorithm in
detecting and predicting PCOS and Metabolic Syndrome. The
results show that MTree outperforms Decision Tree in terms of
accuracy, with a significant improvement of 3.33% for PCOS and
3.33% for Metabolic Syndrome. Additionally, the detection
accuracy of MTree is high, with 94.0% for PCOS and 91.86% for
Metabolic Syndrome. The findings suggest that MTree is a robust
and efficient algorithm for disease detection and prediction,
particularly in cases where similarity search and nearest neighbor
retrieval are crucial. The improvement in accuracy can be
attributed to MTree's ability to handle high-dimensional data and
its efficient search mechanism. These

IJERTV13I1S060130

results have important implications for healthcare professionals
and researchers, as they demonstrate the potential of MTree in
improving the accuracy of disease detection and prediction.
Further studies can explore the application of MTree in other
disease domains and its integration with other machine learning
algorithms to achieve even higher accuracy.
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XI. FUTURE WORK

Includes exploring the application of MTree algorithm on larger web-based platform for healthcare professionals to utilize the
datasets and integrating it with other machine learning techniques algorithm are potential future directions. Furthermore,
to improve the accuracy of disease detection and prediction. conducting a thorough comparison of MTree with other
Additionally, investigating the use of MTree for early detection of machine learning algorithms on various disease datasets is
other complex diseases and developing a also an area of future research.
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