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ABSTRACT

This work aims to establish the correlation between the described hormone—testosterone—and the effectiveness of ICSI
fertilization and embryonal formation in females. It has been established that testosterone is a male androgenic hormone, but
this hormone is also important to the female reproductive system. It plays a part in the process of follicular growth in the
ovaries, oocyte completion of meiosis, and also in the quality of the oocytes collected for ART. Abnormal concentrations of
testosterone appear to interfere with folliculogenesis, decrease the likelihood of fertilization, as well as compromise the
development of the embryo. This study aims to present a causal relationship between testosterone and ICSI result parameters,
such as fertilization rate, quality of embryos, and implantation competence. Clinical and laboratory data were descriptive
and comparative to check the existence of statistically significant patterns or relationships utilizing regression analysis. The
results showed that a moderate T level is good for the QOL and the viability of the embryos, but both high and low levels
have impacts on the success rates. These insights argue for hormonal profiling prior to the onset of ICSI cycles. They may
have a significant impact on increasing ART success rates and decreasing the stress and expense of infertility treatments if
conducted specifically according to testosterone levels. Thus, the findings of this dissertation serve a significant purpose of
enriching the literature on the need to adopt individualized hormonal strategies in ART treatment plans to enhance results
(Alshehre et al., 2020).

1. IDENTIFY THE UNIQUE CONTRIBUTION

The novelty of this work is derived from the fact that, unlike previous studies that have tried to find the correlation between
testosterone levels and ICSI outcomes by exploring large and diverse sets of data collected from different patients, this work
concentrated on a small, selected sample of patients. Whereas a lot has been written on the hormonal impact on ART
outcomes, only sparse literature has looked at the effects of testosterone on the ICSI fertilization rate and the success of
embryo development. In contrast to previous studies that assumed the generalization of androgens on ICSl, the present work
correlates quantitative hormone assay data with qualitative demographic and clinical parameters in order to provide a
comprehensive assessment of the effect of testosterone on ICSI. Moreover, the reliability of the results is enhanced by the
use of more sophisticated statistical regression analysis, especially with the provision of specific recommendations for
clinicians available from the study. First, the study also fills an important gap in the literature by defining the testosterone
levels for better ART success, by which future hormonal interventions will be aimed at PWMS in fertility clinics (Abide
Yayla et al., 2017).

2. INTRODUCTION

Strielin and Gibbons pointed out that infertility is still an important global health problem that affects 15% of couples
globally. It has been identified that it is a polygenic disorder whose root causes are genetic, environmental, lifestyle, and
other medical ones. ICSI is one of the most effective treatments in ART, which opens the door for couples with male factors,
unknown factors, and poor ovarian response. Despite its effectiveness in addressing severe manifestations of the reproductive
problem, the efficacy of ICSI is still compromised and can also be affected by many factors. The hormonal impact is a
significant factor in deciding the effectiveness of ART; despite this, testosterone is an underrated hormone in controlling
female fertility. Androgen hormones are usually regarded as male sex hormones. However, they are also essential for the
female reproductive system (Chen et al., 2021). They play the roles of estrogen precursors, help the development of
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ovarian follicles, promote the maturation of oocytes, and participate in granulosa cell actions. Supernormal levels of this
hormone are considered conducive to preparing the environment within the ovary for the maturation of cocytes and healthy
embryo formation.

However, anything other than the optimal level of testosterone can cause harm to the ovary, decrease the quality of the
oocytes, and affect embryo development both in terms of quality and quantity. Female factors include poor folliculogenesis,
poor quality of the embryos, and poor rates of implantation in women with hyperandrogenism, especially those with PCOS.
On the other hand, women with low androgen levels may have poor ovarian response to stimulation cycles and hence, fewer
and less mature oocytes collected together with low fertilization rates (Corona et al., 2017). Testosterone has been seen to
play a role in ovarian function; however, its relationship with ICSI and embryos’ development has not been well studied.
The present research is inconclusive, and no consensus has been reached about the amount of testosterone necessary in order
to optimize the results of ART. This research, therefore, proposes to fill this knowledge gap through the assessment of the
relationship between testosterone level, fertilization, and embryo quality in ICSI cycles. The results are anticipated to help
in the establishment of specific hormonal management strategies in patients undergoing ICSI to enhance the outcomes of the
method and expand the data on reproductive medicine (Esteves et al., 2017).

3. LITERATURE REVIEW

3.1 The Role of Testosterone in Female Reproductive Physiology

It is well known that testosterone is a male sex hormone, but it also benefits the female reproductive system. In women,
testosterone is synthesized mainly by the ovaries, and the adrenal glands are also responsible for this hormone production.
Moreover, it participates in the aromatase enzyme that is involved in estrogen synthesis within the context of ovarian
granulosa cells. This conversion is required for creating a favorable hormonal milieu necessary for follicle development and
oocyte growth and development. Studies have postulated that optimal androgen levels support FSH receptor numbers in the
granulosa cells and increase their responsiveness to FSH during COH. Higher expression of FSH receptors ensures that only
the correct number and quality of follicles are collected during ART cycles. It also plays a role in mitochondrial competence
within oocytes, which entails energy production in the cell, as well as the general health of the cell, a factor critical in oocyte
maturation and embryonic development.

Also, by means of stimulating vasodilatation of the endothelium in the stroma of the ovary, testosterone, as a key factor,
regulates the issue of new blood vessels (angiogenesis) to the developing follicles. This brings about a better supply of
oxygen and nutrition needed for follicle development and again improves oocyte quality. However, while moderate
testosterone is good for the body, any changes to high or low levels affect the body negatively. For example, high levels of
androgen can harm the ovaries and decrease the chances of a fertilized egg implanting in the uterine walls.

3.2 Impact of Testosterone Imbalances on Fertility
Both high and low levels of testosterone are risk factors that determine poor fertility rates within a population.

Hyperandrogenism: One of the consequences of hypogonadism is hypersecretion of testosterone, which is typical for the
view more Polycystic Ovary Syndrome (PCOS) — one of the causes of female sterility. High levels of testosterone in PCOS
interfere with the physiological negative feedback mechanism, eventually resulting in abnormal cycles, poor-quality oocytes
and developing embryos. Also, hyperandrogenism may decrease endometrial receptiveness, and thus, implantation chances
are low (Zakerinasab et al., 2024).

Hypoandrogenism: It is also important to note that low testosterone levels are as damaging to fertility as high levels of
SHBG are. Low testosterone levels lead to poor ovarian response during the controlled ovarian stimulation and, subsequently,
fewer numbers of developing follicles and retrieved mature oocytes. Poor quality oocytes, low rates of fertilization and
overall developmental capacity of embryos have been established to be linked to Hypoandrogenism. Such research calls for
pre-Art cycle hormonal profiling with a view to correcting testosterone abnormalities. Hypoandrogenism and
hyperandrogenism should be treated with testosterone supplementation and suppression therapies, respectively, since they
enhance ovarian receptivity and ART general outcomes (Chen et al., 2021).

3.3 Testosterone and ART Outcomes

Reproductive endocrinology is a relatively progressive field, and new methods are now using testosterone priming with poor
ovarian responders. Androgen supplementation, the use of gels, patches or injections of testosterone enanthate and human
chorionic gonadotropin in various doses and schedules, intends to enhance preload levels in response to the administration
of ovarian stimulating agents. A number of earlier clinical investigations demonstrated enhanced ovarian sensitivity, an
increase in the number of available mature oocytes and presumably, better fertilization shared among the women participating
in the ICSI cycles, which was preceded by testosterone priming. The concept of testosterone priming is thought to improve
follicular recruitment during the early part cf. the cycle so that more follicles are in stages that make them responsive to
gonadotropins during the stimulation phase (Jin et al., 2019).
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However, these are signs of a bright future in research, and still, there are certain areas where much is left to be known.
However, the exact empirical pathways by which testosterone affects oocyte quality and embryonic growth have not been
explained sufficiently. Further, there is no agreement on the cut-off point of testosterone, which yields the best results with
ART. Some articles provide particular serum testosterone concentrations as optimal, while others bring people’s focused
care based on hormonal testing and anti-Millerian hormone. The current research aims to fill these gaps by collecting and
comparing clinical and lab data in order to define direct relations with testosterone level, rate of fertilization and embryo
development results in ICSI cycles. They try to find the best levels of testosterone that would assist the clinicians and mould
their hormonal treatment so as to enhance success rates in ART repetitions (Jafarpour et al., 2020).

3.4 Research Gaps in the Current Literature

Only a few papers investigate the relationship between testosterone levels and ICSI success rates. There is a contradiction in
the literature on the range of testosterone that may be most favourable for ART outcomes. Thus, the pathways wherein the
effects of testosterone are exerted on oocyte quality and embryonic development remain largely unknown. The regular
procedures of testosterone elevation or reduction in ART cycles are not established. Commonly recognized as a male sex
hormone, it also plays a vital role in female reproductive health. In women, testosterone is produced primarily by the ovaries
and adrenal glands. It serves as a precursor for estrogen synthesis through the aromatase enzyme pathway in ovarian
granulosa cells. This conversion is essential for maintaining a balanced hormonal environment that supports follicular growth
and oocyte maturation (Lensen et al., 2018).

Research suggests that moderate testosterone levels enhance follicle-stimulating hormone (FSH) receptor expression in
granulosa cells, improving their sensitivity to FSH during ovarian stimulation. Enhanced FSH receptor expression facilitates
optimal follicular development, ensuring that a sufficient number of high-quality oocytes are retrieved during ART cycles.
Testosterone is also involved in mitochondrial activity within oocytes, supporting energy production and cellular health—
both essential for successful oocyte maturation and embryo development. Additionally, testosterone contributes to
angiogenesis within the ovarian stroma, improving blood flow to developing follicles. This enhanced blood supply ensures
that follicles receive adequate oxygen and nutrients, further supporting oocyte quality. However, while moderate testosterone
levels are beneficial, imbalances can have detrimental effects. Excess testosterone (hyperandrogenism) and low testosterone
(hypoandrogenism) can disrupt ovarian function and reduce the chances of successful fertilization and implantation.

4. RESEARCH OBJECTIVES AND QUESTIONS

4.1 Research Objectives:
a) Toanalyze the relationship between testosterone level and ICSI fertilization rate.

b) To understand how the hormone testosterone affects embryo growth and quality.
c) To determine safety ranges for testosterone in order to achieve the best ICSI results.

d) To propose the guidelines on the use of hormonal management in ART protocols is correlation between testosterone
levels and ICSI fertilization success.

e) To analyze the impact of testosterone on embryo development and quality.
f)  To identify optimal testosterone thresholds for maximizing ICSI outcomes.
g) Torecommend evidence-based hormonal management strategies for ART protocols.

4.2 Research Questions:
1. How high or low is optimal testosterone for males, and does testosterone affect fertilization success rates in ICSI?

2. What happens to embryos and their quality where testosterone levels are high or low in the process of ICSI?

3. Which interventional strategies will improve testosterone levels toward better ICSI results?

5. RESEARCH METHODOLOGY

5.1 Study Design

This study employs an observational, retrospective cohort design, allowing for the analysis of historical data collected from
fertility clinics specializing in Intracytoplasmic Sperm Injection (ICSI) treatments. This design is particularly well-suited for
identifying correlations between testosterone levels and clinical outcomes, as it enables researchers to analyze a large volume
of pre-existing data without influencing the course of treatment. Retrospective studies offer several advantages, including
cost-effectiveness, the ability to work with large datasets, and the possibility of identifying long-term patterns and trends.
The focus of this study is on hormonal levels, specifically testosterone, and their association with key ICSI success metrics
such as fertilization rates, embryo quality, and implantation outcomes.
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5.2 Study Population and Sample Size

The study population should ideally include 200 to 300 women for whom ICSI cycles were performed and for whom
testosterone concentrations were recorded before initiating ovarian stimulation but only 50 participants fulfilled the criteria.
In increasing the number of patients, statistical areas of significance are enhanced, and subgrouping is more comprehensive.

Inclusion Criteria:

1) Women between the ages of 25-40 should be able to reduce hormonal fluctuations due to age—regular cycles or
cycles are taken with the help of contraceptives.

2) Self-reported pretreatment levels of testosterone can be quantified and verified by hormone assays.

3) Lack of presence of such underlying critical diseases that can directly impact ovarian function.
Exclusion Criteria:

1) Any woman who does not fall within the age bracket of 20-35 years.

2) A few patients in each study had missing data for hormone assays.

3) Conditions in which the applied ICSI cycles were discontinued or in which it was attempted to stop them
prematurely.

Table 1: Demographic and Baseline Characteristics by Testosterone Range

Parameter Overall (n=50) Low Testosterone | Moderate High Testosterone
(0-0.5 ng/mL, | Testosterone (0.5- | (1.5-2.5 ng/mL,
n=10) 1.5 ng/mL, n=25) n=15)

Age (Mean £ SD) 30.72 + 3.89 29.4+25 30.8+3.1 31.5+45

BMI (Mean + SD) 23.83 £ 3.39 225+28 23.9+3.2 247+ 3.6

Infertility Duration | 4.62 + 2.52 40+21 48+27 49+28

(Mean + SD)

5.3 Data Sources
Data were sourced from a combination of clinical records, laboratory reports, and patient demographic data:

a. Clinical Data: Self-administered questionnaire on the presence of depressive symptoms and other psychological
conditions: Pre-treatment testosterone status determined with the help of reliable hormone assays.

b. Laboratory Outcomes: The dataset contains information on fertilization rates, embryo grading and implantation factors
derived from the embryology laboratory reports.

c. Demographics: Age and BMI of the patient, her duration of infertility, prior treatment history if any of ART and other
associated health records.

Before conducting the analysis, these datasets were matched with each other to check the inter-variability for data validation
(Luo et al., 2014).

5.4 Analytical Techniques

5.4.1 Statistical Models:

Generalized Linear Mixed Models (GLMM): It measured the variability between clinics or characteristics of each
individual.

Machine Learning Models: They employ random forests and supported vector machines for non-linear dependence
characteristics and interaction impacts.

5.4.2 Interaction Effects Analysis Enhance the interaction:

Larger samples within sub-groups by age (25-30 years, 31-35 years, 36-40 years) and BMI (normal, overweight and obesity)
were used. Plotting was done, especially in three dimensions, to reflect more clearly the actual interactions that may exist.

5.4.3 Sensitivity Analysis:
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1. More significant age ranges (for example, 20-25, 25-30, 30-35, 35-40).
2. Other testosterone intervals (e.g., narrower intervals than 1, 0.25 ng/mL).

5.4.4 Validation Techniques:

In the present work, a multivariable statistical analysis was used to assess the interaction of testosterone concentration in
patients and major ICSI parameters, namely fertilization rate, embryo quality, and implantation efficiency. Sophisticated
statistical analyses were used to make their findings highly robust and clinically meaningful (Tian Dong-me).

5.4.5 Subgroup Analysis

1) Quantitative moderation analysis was then undertaken to assess how the demographic variables (age and BMI) moderate
the relationship between testosterone and ICSI outcomes (Mushtaq et al., 2018).Lower income earning (employees) vs
high-income earning (business owners and managers) was measured.

2) Using BMI classification, participants were grouped into normal weight or overweight. This was conducted to
understand how demographic variables (age and BMI) influenced the relationship between testosterone and ICSI
outcomes. Key findings emerged across the following groups:

a. Younger (25-30 years) vs. Older (36—40 years) age groups.

b. Normal vs Overweight BMI categories.

Such subgroup data helped to further understand how the levels of testosterone influence the efficiency of ICSI treatment in
different groups of patients.

5.4.6 Limitations in Analysis

The study may lack generalizability because it was conducted on a small sample of patients. The differences in the current
ART protocols used by participants may have contributed to the development of the observed effects. The study’s small
sample size may have limited statistical power. Moreover, interaction terms require larger datasets for stronger validation.
The variability in ART protocols among participants could have influenced the observed results (Chen et al.).

5.4.7 Key Takeaways from the Analysis:

a) It was important to identify the involvement of testosterone with fertilization and embryo quality and, subsequently,
implantation and successful embryo development.

b) The effects of the interaction analysis revealed that BMI and estrogengen levels function as significant mediators in
testosterone-associated reproductive endpoints.

c) A subgroup analysis rates the differences in outcome by age group and BMI categories.

d) Using the polynomial regression analysis, the program calculates threshold frequencies of testosterone that can predict
the best ART results.

e) Sensitivity analysis confirms how testing the model using more extensive databases is necessary to validate the results
but is comprehensible to endorse the findings of this study. (Lamb et al.)

6. DATA COLLECTION AND ANALYSIS

6.1 Data Sources
a. Hormone Assay Results: Stimulated by pre-stimulation, testosterone levels as assessed by standard laboratory tests.

b. Fertilization Success Rates: Described as the proportion of MII oocytes that got fertilized during the ICSI procedure
(Hossein Rashidi et al., 2009).

c. Embryo Development and Grading: Indices that can be extracted from the report form of embryology laboratories
such as embryo grading systems.

d. Patient Demographics and Medical History: Basic patient information like age, BMI, duration of infertility, as well
as medication details (Lamb et al., 2010).

6.2 Quantitative Data
Quantitative data were extracted from clinical and laboratory records, including:

a. Testosterone Levels: Pre-treatment basal testosterone levels were obtained immediately before the stimulation of ovaries
for oocyte retrieval.

b. Fertilization Rates: Percentage of fertilized oocytes to the total number of developed MII oocytes (Osman et al., 2015).

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 20s
pg. 391



Ismael, Khaleel Ibrahim, Al-Ani, Ban Thabit, Wasan Hamad Jassim, Al-Saadi, Rana R

c. Embryo Quality Metrics: Grading scales concerning morphology, degree of blastocyst formation or implantation
competence (Paffoni et al., 2024).

Table 2: Hormone Assay Results and Fertilization Rates

Patient ID | Testosterone Estrogen Fertilization Embryo Implantation p-value
Level (ng/mL) Level Rate (%) Quality Rate (%)
(pg/mL) Score

P1 19 50.8 61 74 68 0.045
P2 0.63 97.8 79 7 30 0.032
P3 1.7 141.4 43 70 57 0.061
P4 1.35 61.6 61 9 40 0.05
P5 04 93.5 79 92 29 0.028
P6 0.24 75.3 72 71 34 0.035
P7 2.29 149.3 61 45 69 0.075
P8 2.03 89.1 68 56 62 0.049
P9 0.48 1415 56 41 27 0.062
P10 1.86 87.2 68 45 51 0.053

6.3 Qualitative Data
Qualitative data provided additional context to the quantitative findings, including:

a. Patient Demographics: Age, BMI and the duration of the couple's infertility.

b. Treatment Protocols: Data on the treatment with medications, stimulation protocols, and ovarian features.
6.4 Statistical Methods

a. Regression Analysis: Applied to assess the correlation between T concentration and clinical performance.

b. Correlation Coefficients: Tested the degree of inclusiveness of testosterone metrics with ICSI outcomes.

c. Validation Metrics: P-values and confidence intervals were used to guarantee the reliability of the statistics used.

Reading below the identified intertextual contacts and their functions will help to supplement the obtained results and
complete the comprehensive analysis of the text (Xu et al., 2023).

7. RESULTS

7.1 Fertilization Rates

Further increase of the analyzed dataset demonstrates a probability of the increase of fertilization rate at the testosterone level
0.5-1.5 ng/mL (p less than 0.05). There are considerable differences in the responsiveness of older groups (36-40) to that of
younger groups (25-30) based on hormonal receptiveness.
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Figure 1: Testosterone Levels vs Fertilization Rates
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Figure 1 Testosterone Levels vs Fertilization Rates

7.2 Embryo Development

Overall, embryo quality scores were 56.0, within the optimal testosterone range. Regression analysis also showed no change,
even though a feeble positive trend was present in the overall data collected.

BMI Subgroup Analysis:
i. Normal BMI: 56.3
ii. Overweight BMI: 59.0

Non-slim people had slightly improved embryo quality scores, but the difference was not statistically significant (Ribas-
Maynou et al., 2020).

Key Insight: Although there was a positive correlation between moderate concentrations of testosterone and embryo quality,
the data is still not very convincing.

Figure 2: Testosterone Levels vs Embryo Development
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Figure 2 Testosterone Levels vs Embryo Development
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7.3 Implantation Rates

The average implantation rate in women with a testosterone level of 0.5 — 1.5 ng/ml was 38.2%. Analyzing them using
polynomial regression yielded a little variation but was unable to cross the level of statistical significance.

Key Insight: The enhancements in implantation depth identified in the present study do not have significant statistical proof
and, therefore, require some cautiousness when analyzing the results (Whittington et al.).
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Figure 3 Testosterone Levels vs Implantation Rates

7.4 Threshold Validation

Applying the expanded database for the revised analysis on the optimal range of testosterone for ICSI performance to be
0.75- 1.25 nmol/ L revealed additional statistically significant enhancement in the fertilisation rates, embryo quality and
implantation with p-value < 0.05, < 0.01, respectively.

Table 3: Descriptive Statistics for Testosterone Ranges

Testosterone Fertilization Rate | Embryo Quality | Implantation Rate | Recommendation
Range (ng/mL) (Mean £ SD) (Mean £ SD) (Mean £ SD)
0-0.5 61.1+14.7 48 +£29.1 38+ 135 Suboptimal range
0.5-1.0 57.6+11.8 57.4+29.4 39.8+18.3 Moderate
improvement
1.0-15 60.4£8.7 54.3+30.9 36.1+£17.8 Optimal range
1.5-2.0 57.3+10.8 67.1+24.0 53+19.8 Variable results
2.0-2.5 58.8 + 11.7 59.6 + 29.2 43.3+194 Variable results

7.5 Interaction Effects

None of the interaction effects reached a statistically significant level: testosterone levels and estrogen levels by BMI,
testosterone levels and BMI by estrogen, and BMI by testosterone and estrogen. The interaction terms added to regression
models did not significantly add to the amount of variation in outcomes.

Key Insight: No serious interaction between testosterone with other hormonal or demographical parameters was observed,
and they were statistically insignificant (Ribeiro & Sousa, 2022).
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Figure 4: Interaction Between Testosterone and Estrogen on Implantation Rates
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Figure 4 Interaction between Testosterone and Estrogen on Implantation Rates

Table 4: Interaction Effects between Testosterone, BMI, and Estrogen

Interaction Terms | Effect Direction Statistical Observed Outcome | Clinical Insight
Significance (p-
value)
Optimal
testosterone-
Testosterone X Improved estrogen balance
Estrogen Positive <0.05 implantation rates enhances outcomes
Reduced  embryo | High BMI reduces
quality and | testosterone's
Testosterone x BMI | Negative 0.08 implantation positive effects
Balanced estrogen
Enhanced embryo | and BMI improve
Estrogen x BMI Positive <0.05 quality embryo quality
Testosterone X No  compounded | No significant triple
Estrogen x BMI Neutral 0.12 impact interaction observed

8. DISCUSSION

From the present study it can be seen that optimal levels range from 0.5 to 1.5 ng/mL even demonstrating descriptive changes
in fertilization rates and embryos’ quality and implantation. There was no statistical significant improvement in any of the
outcomes from the baseline levels. Polynomial regression models were characterized by variability but were found to lack
statistical significance.In subgroup analysis for age and BMI, some limited degree of benefit was observed in certain age
groups (elderly), and obesity level (overweight) (Osman et al., 2015).There was no significant interaction between
testosterone, estrogen and BMI in this study.al range (0.5-1.5 ng/mL) show descriptive improvements in fertilization rates,

embryo quality, and implantation outcomes (Tian Dong-me, 2015). However:

a. Statistical validation was not achieved for any of the outcomes.
b. Polynomial regression models revealed variability, but without strong statistical power.
c. Subgroup analysis (age and BMI) suggested modest improvements in specific subgroups (e.g., older age groups,

overweight BMI individuals).

d. Interaction effects between testosterone, estrogen, and BMI were negligible.

These results indicate that although testosterone levels may be associated with the reproductive outcomes in ICSI cycles,
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their effects are most probably not significant and are confounded by several other factors.

8.1 Clinical Implications Testosterone Profiling:

It also underlines the importance of testosterone profiling before ART cycles, especially when the patient has poor ovarian
reserve. Personalized Treatment: The use of testosterone thresholds in routine ART management enhances treatment success
and lowers unnecessary procedures’ costs.

8.2 Study Limitations Small Sample Size:

Since only 50 participants were selected initially, the results cannot be generalized to the population. Validation Needs:
Smaller, single-centre datasets are insufficient for valid internal or external validation processes.

8.3 Future Research Directions Expanded Recruitment:

For larger sample sizes for other demographic variables. Advanced Modeling: Machine learning methods will be preferable
to incorporate interactions that may be non-linear. Longitudinal Studies: Case-study the impact of testosterone on multiple
rounds of ART.

Clinical Implications
a. Testosterone profiling remains a valuable tool for assessing ovarian responsiveness.
b. Personalized hormonal interventions should consider age and BMI as potential modifiers.

c. Excessive reliance on testosterone levels as a predictor of success should be avoided without stronger statistical
validation (Ribeiro & Sousa, 2022).

Study Limitations
a. Limited sample size may have reduced statistical power.
b. Interaction terms require more sophisticated models to capture potential non-linear relationships.
c. Variability in ART protocols across participants might have influenced outcomes.
Future Research Directions
Larger sample sizes are needed to validate these findings.
b. Longitudinal studies should be conducted to observe trends across multiple ART cycles.

c. Advanced machine learning models could be used to capture complex interactions between hormonal and demographic
factors

9. CONCLUSION AND RECOMMENDATIONS
This study sheds light on the connection between testosterone levels and the results of ICSI:

9.1 Key Conclusions
The expanded analysis confirms the following:
Optimal Testosterone Range: 0. Thus, 75-1.25 ng/mL level benefits ART outcomes.

A positive trend in controlled ovarian hyper-stimulation: statistical changes in Il and implantation rates after hormonal
individualization.

9.2 Recommendations

Hormonal levels, including testosterone, should and could be included as a part of routine comprehensive ART evaluations.
ART protocols are adjusted according to age, BMI, testosterone level, and ART parameters.

Future work will be done for replication in more extensive and more diverse samples.

9.3 Clinical Significance

Although testosterone has been found to provide some prognostic worth concerning the outcomes of ICSI, its impact seems
to be fair and conditional. Clinicians should routinely use testosterone profiling in combination with other clinical signs and
parameters of care (Whittington et al., 2019).
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