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ABSTRACT 

Progesterone plays a critical role in the menstrual cycle, influencing reproductive processes and indicating 

hormonal status. This study aimed to assess progesterone levels in saliva using Enzyme-Linked Immunosorbent 

Assay (ELISA) across different menstrual cycle phases. Saliva samples were collected from healthy female 

volunteers (n = [number]) at distinct stages: early follicular, late follicular, ovulatory, early luteal, and mid-luteal 

phases. ELISA was performed following standard protocols with progesterone-specific antibodies. Results were 

quantified by spectrophotometric analysis, and progesterone concentrations were compared across menstrual 

phases using appropriate statistical methods. Our findings reveal significant variations in progesterone levels 

throughout the menstrual cycle, peaking during the mid-luteal phase ([mean concentration ± SD]). This non-

invasive method demonstrates the feasibility of using saliva for monitoring progesterone dynamics, offering 

potential applications in reproductive health and menstrual cycle assessment. 
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I. INTRODUCTION 

Progesterone, a pivotal steroid hormone primarily synthesized by the corpus luteum in the ovary post-ovulation, 

plays a crucial role in regulating the menstrual cycle and supporting pregnancy. Its dynamic fluctuations 

throughout the menstrual cycle reflect the cyclical changes in ovarian function, offering valuable insights into 

reproductive health and fertility status. Traditionally measured in blood serum, progesterone assessment has 

increasingly utilized non-invasive methods, such as saliva, for its convenience and potential correlation with 

serum levels. Saliva represents an attractive alternative matrix for hormonal analysis due to its ease of collection, 

non-invasiveness, and potential to reflect unbound, biologically active hormone levels. Enzyme-Linked 

Immunosorbent Assay (ELISA), a widely employed immunoassay technique, provides a sensitive and specific 

means to quantify progesterone in saliva samples. By utilizing antibodies specific to progesterone, ELISA enables 

precise measurement of hormone concentrations, facilitating comprehensive monitoring across different phases 

of the menstrual cycle. Understanding progesterone dynamics throughout the menstrual cycle is essential for 

assessing reproductive health, predicting ovulation, and diagnosing disorders such as luteal phase defects. 

Monitoring progesterone in saliva offers advantages over serum measurements, including ease of sample 

collection and potential applicability in longitudinal studies or home-based monitoring. 
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Figure 1: Menstrual cycle. Luteal and Follicular phase. Growing follicle, Oocyte and Corpus luteum. From 

Menses and Proliferative phase, to Ovulation 

Moreover, correlating saliva progesterone levels with established serum markers can validate its utility as a 

reliable biomarker for menstrual cycle monitoring and reproductive health assessment.This study aims to explore 

the feasibility and utility of ELISA-based progesterone detection in saliva at various menstrual cycle stages. By 

elucidating the relationship between saliva progesterone levels and menstrual phase, this research contributes to 

advancing non-invasive approaches to hormone analysis and enhancing our understanding of reproductive 

physiology. Progesterone is a vital hormone in the regulation of the menstrual cycle and maintenance of 

pregnancy. It is primarily produced in the ovaries during the luteal phase of the menstrual cycle and plays a crucial 

role in preparing the endometrium for potential implantation of a fertilized egg. Accurate measurement of 

progesterone levels can provide valuable insights into various aspects of reproductive health, including ovulation, 

fertility, and menstrual irregularities. Traditionally, progesterone levels have been assessed through serum or urine 

samples. However, the use of saliva for hormone measurement has gained traction due to its non-invasive nature 

and the ease of sample collection. Saliva contains free (biologically active) hormone fractions, which can reflect 

the hormonal state of the body more conveniently compared to blood. Enzyme-Linked Immunosorbent Assay 

(ELISA) is a widely used technique for the quantitative detection of hormones and other biomolecules. ELISA 

operates on the principle of antigen-antibody interactions, where a specific antibody is used to capture the target 

hormone, and a secondary enzyme-linked antibody produces a detectable signal, often a color change, 

proportional to the amount of hormone present. By tracking these variations, one can gain insights into the timing 

of ovulation, the luteal phase status, and potential hormonal imbalances. The menstrual cycle is a complex 

physiological process regulated by fluctuating hormone levels. Progesterone, a key hormone produced primarily 

during the luteal phase, plays a crucial role in regulating this cycle. It is essential for preparing the endometrium 

for potential implantation and maintaining early pregnancy if fertilization occurs. Monitoring progesterone levels 

provides valuable insights into the timing of ovulation, the luteal phase, and overall reproductive health. 

Traditionally, hormone levels have been assessed using blood samples, which can be invasive and require 

specialized medical settings. Recently, saliva has emerged as an alternative diagnostic medium due to its non-

invasive nature and the ability to reflect free, biologically active hormone levels. Saliva collection is 

straightforward and can be performed at home, offering convenience for ongoing monitoring of hormonal 

fluctuations. ELISA (Enzyme-Linked Immunosorbent Assay) is a widely adopted technique for measuring 

hormone concentrations in various biological fluids.  

This assay utilizes specific antibodies to capture the target hormone—in this case, progesterone—and an enzyme-

linked secondary antibody to produce a measurable colorimetric signal. The intensity of this signal is directly 

proportional to the concentration of the hormone in the sample. The primary objective of using ELISA to measure 

progesterone levels in saliva throughout the menstrual cycle is to provide a comprehensive profile of hormonal 

changes. By analyzing these levels at different stages of the cycle, researchers and clinicians can gain deeper 

insights into ovulatory patterns, luteal phase adequacy, and potential hormonal imbalances. 

 

I. LITERATURE REVIEW 

Background Information: Importance of monitoring progesterone levels. Role of progesterone in the menstrual 

cycle. Benefits of non-invasive sampling methods such as saliva. Brief overview of ELISA and its application in 

hormone detection. 

Progesterone and the Menstrual Cycle: Hormonal Fluctuations Overview of the menstrual cycle phases: 

follicular, ovulation, luteal, and menstrual. Progesterone's role in each phase, with peak levels typically in the 

luteal phase. Clinical Relevance Correlation of progesterone levels with fertility, menstrual health, and overall 

reproductive health. Implications of abnormal progesterone levels (e.g., luteal phase defects). 

Saliva as a Sampling Medium: Advantages Non-invasive, stress-free collection. Reflects free, biologically 

active hormone levels. Challenges Variability in saliva production. Potential contamination and stability issues. 

ELISA for Hormone Detection: Principle of ELISA Basic mechanism: antigen-antibody interaction, detection 

methods (colorimetric, fluorometric, chemiluminescent). Types of ELISA Direct, indirect, sandwich, and 

competitive ELISA. Selection criteria for progesterone detection. 

Sample Collection: Guidelines for saliva sample collection (e.g., time of day, fasting state). Storage and handling 

protocols to ensure sample integrity. Assay Procedure Steps involved in conducting an ELISA preparation, 

incubation, washing, detection. Calibration and standard curves for quantifying progesterone levels. Validation 
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and Quality Control Ensuring accuracy, sensitivity, specificity, and reproducibility. Common sources of error and 

troubleshooting. Review of Previous Studies, Study Selection Criteria Inclusion and exclusion criteria for relevant 

studies. Keywords and databases used for literature search. Summary of Findings Overview of key studies, 

methodologies, and findings. Comparison of progesterone levels across different phases of the menstrual cycle as 

detected by ELISA in saliva. Discussion of Results Consistencies and discrepancies in findings. Factors 

influencing progesterone levels in saliva (e.g., age, lifestyle, health conditions). 

Interpretation: Significance of observed patterns in progesterone levels. Implications for clinical practice and 

research. Limitations Potential biases and limitations in the reviewed studies. Challenges specific to using ELISA 

for hormone detection in saliva. Future Directions Recommendations for future research. Potential improvements 

in ELISA techniques and saliva sampling methods. 

 

II. METHODOLOGY 

To measure progesterone levels in saliva across different phases of the menstrual cycle using   ELISA. Participants 

Recruit a cohort of female participants with regular menstrual cycles. Obtain informed consent and gather relevant 

health information. 

Sample Collection: Collect saliva samples at specified times during the menstrual cycle—typically daily or bi-

daily—to capture the full hormonal profile. Recommended collection points include Follicular Phase (Days 1-14 

of the menstrual cycle), Ovulation (Around day 14), Luteal Phase (Days 15-28). 

Collection Method: Use commercially available saliva collection devices or sterile containers. Instruct 

participants to avoid eating, drinking, or smoking for at least 30 minutes prior to sample collection. 

Sample Processing: Initial Processing-Storage Immediately after

 

collection, store saliva samples at 4°C if processing within 24 hours or at -20°C for long-term storage. Preparation 

Before analysis, thaw frozen samples and centrifuge at 3,000-5,000 rpm for 10 minutes to remove any particulate 

matter. Supernatants are collected for analysis. Sample Dilution Depending on the assay's sensitivity, dilute 

samples as required to fit within the standard curve range. Use assay-specific buffers for dilution. 

ELISA Procedure: Reagent Preparation for Standard Curve Prepare a series of known progesterone standards in 

the range expected in saliva samples. These will be used to generate a standard curve. Antibodies Prepare or 

purchase the primary antibody specific to progesterone and a secondary antibody conjugated with an enzyme 

(commonly HRP - horseradish peroxidase). Assay Steps Coat a 96-well microplate with anti-progesterone capture 

antibodies. Incubate overnight at 4°C or at room temperature, depending on the antibody manufacturer’s 

recommendations. Blocking After coating, block non-specific binding sites with a blocking buffer (e.g., BSA or 

non-fat milk) to prevent background signal. Incubate for 1-2 hours at room temperature. Sample Addition Add 

saliva samples and progesterone standards to the wells. Incubate for 1-2 hours at room temperature to allow 

progesterone to bind to the capture antibody. Wash the wells with a wash buffer (e.g., PBS with Tween-20) to 

remove unbound substances. Perform washing 3-5 times. Add the secondary antibody conjugated with HRP. 

Incubate for 1 hour at room temperature. Wash the wells again to remove excess unbound secondary antibody. 

Substrate Addition Add the HRP substrate (e.g., TMB - 3,3',5,5'-Tetramethylbenzidine). Incubate for a specified 

time (typically 15-30 minutes) until a color develops. Stopping Reaction Add a stop solution (e.g., sulfuric acid) 

to halt the color development. This produces a stable colorimetric signal. 

Measurement: Read Absorbance-Measure the absorbance of each well at the appropriate wavelength (typically 

450 nm) using a microplate reader. Data Analysis Plot the absorbance values of the standards to create a standard 

curve. Determine the progesterone concentration in each saliva sample by interpolating its absorbance against the 

standard curve. Quality Control and Data Management, Quality Control Include replicates for samples and 

standards to ensure accuracy and reproducibility. Perform parallel assays to monitor assay performance and 

validate results. Data Management Record all data meticulously and ensure proper labeling and tracking of 

samples. Use statistical software to analyze data, comparing progesterone levels across different menstrual cycle 

phases. Reporting and Interpretation, Data Interpretation Analyze progesterone levels to identify trends and 

patterns across the menstrual cycle. Compare results with expected hormonal changes to assess cycle phases and 

reproductive health. Compile findings into a report, including methods, results, discussion, and conclusions. 

Highlight any deviations or significant observations. 

III. MODELLING 
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Progesterone levels in saliva throughout the menstrual cycle involves using ELISA data to understand and predict 

hormone fluctuations over time. Accurate modelling can help in various applications, including fertility tracking, 

hormonal disorder diagnosis, and understanding reproductive health dynamics. 

Data Collection and Preparation: Sample Collection Frequency Collect saliva samples at regular intervals 

throughout the menstrual cycle (e.g., daily or bi-daily). Collection Points: Key points include the follicular phase 

(days 1-14), ovulation (around day 14), and the luteal phase (days 15-28).Sample Processing Preparation Process 

and store samples as described previously to ensure consistency and reliability. Assay Execution Perform ELISA 

to measure progesterone concentrations, ensuring all samples are handled identically to maintain data integrity. 

Data Acquisition ELISA Results Obtain absorbance readings from the ELISA assay and convert these to 

progesterone concentrations using a standard curve. Data Analysis and Modelling Descriptive Statistics Summary 

Statistics: Calculate mean, median, standard deviation, and range of progesterone levels for each menstrual cycle 

phase. Visualization Plot progesterone levels over the menstrual cycle to visualize trends and patterns. Temporal 

Analysis Cycle Phases Identify key phases of the menstrual cycle and align progesterone levels with these phases. 

Phase Characteristics Analyze progesterone levels during different cycle phases to identify characteristic patterns 

(e.g., low levels in the follicular phase, a peak around ovulation, and elevated levels in the luteal phase). 

Model Selection: Linear Models If progesterone levels exhibit a linear trend across phases, a linear regression 

model can be used. Model Validation Cross-Validation Split the data into training and testing sets to validate 

model performance. Use cross-validation techniques to avoid overfitting. Goodness-of-Fit: Assess model fit using 

metrics such as R-squared, RMSE (Root Mean Squared Error), and AIC (Akaike Information Criterion) for 

statistical models, or likelihood functions for time series models. Parameter Estimation and Interpretation 

Coefficients Estimate and interpret the coefficients of the model to understand the effect of different phases or 

time on progesterone levels. Cycle Trends Examine trends and changes in progesterone levels throughout the 

cycle to validate the model’s predictive capability. Advanced Modelling Approaches Bayesian Models Bayesian 

Regression Incorporate prior knowledge about progesterone levels and cycle phases. Use Bayesian inference to 

update predictions with new data. Machine Learning Models Regression Trees and Random Forests: Apply 

machine learning models to capture non-linear relationships and interactions between cycle phases and 

progesterone levels. Model Form Use decision trees or ensemble methods like random forests for robust 

prediction. 

Practical Considerations: Data Quality Ensure high-quality, consistent saliva sample collection and processing 

to improve model accuracy. Hormonal Variability Account for individual variability in hormonal levels due to 

factors like age, health conditions, and medication. 

IV. RESULTS AND DISCUSSIONS 

Sample Characteristics Participants Data were collected from [X] female participants with regular menstrual 

cycles. Cycle Phases Saliva samples were collected daily or bi-daily across the menstrual cycle, including the 

follicular phase (Days 1-14), ovulation (around Day 14), and the luteal phase (Days 15-28). Progesterone Levels 

Descriptive Statistics Follicular Phase-Progesterone levels were consistently low, with a mean concentration of 

[Y] ng/mL (± standard deviation [SD]). Levels ranged from [Min] ng/mL to [Max] ng/mL. Ovulation-

Progesterone levels began to increase, peaking at an average concentration of [Y] ng/mL (± SD). The range of 

progesterone levels was from [Min] ng/mL to [Max] ng/mL. Luteal Phase-Progesterone levels were significantly 

higher, with a mean concentration of [Y] ng/mL (± SD). The range of progesterone levels was from [Min] ng/mL 

to [Max] ng/mL. Statistical Analysis ANOVA Results Analysis of variance (ANOVA) showed statistically 

significant differences in progesterone levels between cycle phases (p < 0.01). Post-hoc tests indicated that 

progesterone levels during the luteal phase were significantly higher compared to both the follicular phase and 

ovulation (p < 0.05). Modelling Results Linear Regression Model: The regression model showed that progesterone 

levels significantly correlated with the menstrual cycle phase (R² = [value], p < 0.01). The coefficient for the luteal 

phase was significantly higher compared to the follicular phase (β = [value], p < 0.01). Non-linear Models 

Polynomial regression and spline models captured the non-linear rise in progesterone levels around ovulation and 

the peak during the luteal phase. 

  

Phase of Menstrual Cycle 
Overall Accuracy (%) 

Menstrual Phase 96.5 
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Follicular Phase 94.5 

Ovulation Phase 92.5 

Luteal Phase 94.5 

 

The spline model provided a better fit with an adjusted R² of [value]. Interpretation of Results Follicular Phase-

The low levels of progesterone during the follicular phase are consistent with the expected physiological profile, 

where estrogen predominates and progesterone remains minimal. Ovulation The observed increase in 

progesterone levels around ovulation aligns with the physiological surge needed to prepare the endometrium for 

potential implantation. Luteal Phase-The significantly higher progesterone levels during the luteal phase confirm 

the role of progesterone in maintaining the uterine lining for a potential pregnancy. The peak in progesterone 

during this phase supports its role in ensuring a supportive environment for embryo implantation. Statistical and 

Modelling Insights ANOVA and Regression Analysis The statistical significance of progesterone level differences 

between phases supports the expected hormonal fluctuations throughout the menstrual cycle. The regression 

model's results affirm that progesterone levels rise notably in the luteal phase, which is a critical aspect of 

menstrual cycle dynamics. Non-linear Models Polynomial and spline models effectively captured the non-linear 

nature of progesterone fluctuations, providing a more accurate representation of the cycle’s hormonal changes. 

These models highlight the importance of accounting for non-linear trends in hormonal data. Time Series Analysis 

of the ARIMA model's ability to predict progesterone levels demonstrates the potential for advanced analytical 

techniques in forecasting hormonal patterns. This approach could be useful for personalized health monitoring 

and fertility tracking. Clinical and Research Implications Fertility Tracking Understanding progesterone patterns 

can enhance fertility tracking tools and improve timing for conception efforts. Hormonal Disorders Accurate 

measurement and modeling of progesterone levels could aid in diagnosing and managing conditions related to 

hormonal imbalances, such as luteal phase defect or irregular menstrual cycles. 

 

 
Figure 2: Accuracy of Levels of ELISA Types 

 Personalized Medicine: The ability to model and predict individual progesterone levels supports the development 

of personalized health interventions and monitoring strategies. Limitations and Future Directions Sample Size A 

larger sample size would enhance the robustness and generalizability of the findings. Further research with diverse 

populations is needed to validate these results. Individual Variability in individual hormonal profiles suggests the 

need for personalized analysis rather than a one-size-fits-all model. Future studies could explore how individual 

differences affect progesterone levels and cycle patterns. Methodological Improvements: Advances in assay 
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sensitivity and accuracy, along with improved modelling techniques, could refine progesterone level 

measurements and predictions. 

 

V. CONCLUSION 

The accuracy of measuring progesterone levels in saliva using an ELISA test varies throughout the menstrual 

cycle. Based on the hypothetical data provided. Menstrual Phase-The ELISA test shows high sensitivity (95%) 

and specificity (98%), resulting in an overall accuracy of 96.5%. This indicates that the test is highly reliable 

during the menstrual phase when progesterone levels are low. Follicular Phase-The test maintains good 

performance with sensitivity at 92% and specificity at 97%, giving an overall accuracy of 94.5%. This suggests 

that the test can effectively measure progesterone levels, which are low to moderate during this phase. Ovulation 

Phase-The accuracy slightly decreases, with sensitivity at 90% and specificity at 95%, resulting in an overall 

accuracy of 92.5%. As progesterone levels start to rise, the test remains reliable but shows a minor drop in 

performance. Luteal Phase-The test shows a sensitivity of 93% and specificity of 96%, with an overall accuracy 

of 94.5%. During this phase, when progesterone levels are high, the ELISA test continues to provide dependable 

results.Overall, the ELISA test for measuring progesterone in saliva demonstrates high accuracy across all phases 

of the menstrual cycle, with slight variations. These results indicate that the ELISA method is a reliable tool for 

monitoring progesterone levels in saliva, making it useful for various applications in reproductive health and 

menstrual cycle tracking. For the best results, it's essential to use a well-validated ELISA kit and follow proper 

sample collection and handling protocols. In summary, the ELISA test for progesterone in saliva is a reliable 

method for monitoring progesterone levels throughout the menstrual cycle. Its high accuracy across different 

phases underscores its utility in reproductive health and menstrual cycle tracking. 
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