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ABSTRACT 

	Aim: to assess serum phosphate and luteinizing hormone (LH) levels in HIV patients on antiretroviral therapy (ART) attending Rivers State University Teaching Hospital in Port Harcourt, Nigeria.
Study design: Analytical cross-sectional study.
Place and Duration of Study: Rivers State University Teaching Hospital in Port Harcourt, Nigeria., between September and November 2025.
Methodology: An analytical cross-sectional study was conducted involving 50 participants: 25 HIV-positive subjects on stable ART attending Rivers State University Teaching Hospital in Port Harcourt, and 25 HIV-negative control subjects. Eligible subjects who met the inclusion criteria and provided consent were enrolled into the study until the target sample size was achieved. Five mL of blood was collected from each of the participants and serum phosphate was determined using the UV-phosphomolybdate method, while LH was measured using the ELISA method. Data was analyzed using SPSS, with t-tests and ANOVA employed for group comparisons and results were considered statistically significant at 95% confidence interval (p<0.05).
Results: HIV-positive subjects exhibited significantly lower mean serum phosphate levels (1.48 ± 0.13 mg/dL) compared to HIV-negative control subjects (1.73 ± 0.17 mg/dL) (p=0.001). There was no statistically significant difference in overall mean LH levels between the HIV-positive (11.80 ± 13.36 mIU/ml) and HIV-negative (10.57 ± 11.16 mIU/ml) groups (p=0.726). However, within the HIV-positive cohort, significant gender and age differences were observed. HIV-positive females had markedly higher LH levels (21.15 ± 14.30 mIU/ml) than males (3.17 ± 1.15 mIU/ml) (p=0.001). Furthermore, LH levels declined significantly with increasing age (p=0.001), while serum phosphate also varied significantly by age (p=0.008). 
Conclusion: This study showed that HIV infection and ART use are significantly associated with reduced serum phosphate levels.
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1. INTRODUCTION 
[bookmark: _Hlk215652979][bookmark: _Hlk215652994][bookmark: _Hlk215653002]The Human Immunodeficiency Virus (HIV) infection remains a global public health challenge, with a profound impact on morbidity and mortality worldwide, despite advancements in its management. According to the World Health Organization [1], approximately 40.8 million Sub Saharan Africa bears the disproportionate burden of the epidemic, accounting for a significant percentage of people living with HIV worldwide. AIDS-related the most populous country, people globally were living with HIV, with 1.3 million new infections and 630,000 AIDS related deaths [2]. Sahara Africa has one of the largest HIV epidemics globally, with an estimated 1.9 million people living with HIV. The virus primarily targets the immune system, specifically CD4+ T cells, leading to progressive immunodeficiency and increased susceptibility to opportunistic infections and certain cancers, collectively known as acquired immunodeficiency syndrome (AIDS) [3]
[bookmark: _Hlk215653013]The advent of Antiretroviral Therapy (ART) has been a cornerstone in the global response to the HIV/AIDS epidemic. It has revolutionized the management of HIV infection, transforming it from a rapidly fatal disease into a manageable chronic condition. ART involves the use of a combination of antiretroviral drugs that target different stages of the HIV life cycle, thereby suppressing viral replication, reducing viral load, and allowing the immune system to recover [4]. The introduction of highly active antiretroviral therapy (HAART) in the mid-1990s which combines multiple medications targeting different stages of the HIV life cycle, has proven to be highly effective in suppressing viral replication, restoring immune function, and improving the overall health and longevity of individuals living with HIV,  led to a decline in HIV related morbidity and mortality, thereby improving quality of life and life expectancy of people living with HIV (PLHIV) [5].
[bookmark: _Hlk215653024]Modern ART regimens typically consist of a combination of three or more antiretroviral drugs from at least two different drug classes. The main classes of antiretroviral therapy include Nucleoside/Nucleotide Reverse Transcriptase Inhibitors (NNRTIs), Protease Inhibitors (PIs), Integrase Strand Transfer Inhibitors (INSTIs), and Entry Inhibitors (Panel on Antiretroviral Guidelines for Adults and Adolescents, oviral drugs include Nucleoside/Nucleotide Reverse Transcriptase Inhibitors (NRTIs), Non-Nucleoside Reverse. The choice of ART regimen depends on various factors, including viral load, CD4 count, potential drug interactions, preexisting medical conditions, and patient adherence [6,7,8].
Although Antiretroviral Therapy (ART) has been highly effective in controlling HIV, its long-term use can be associated with various adverse effects, including metabolic complications, endocrine disturbances, renal dysfunction, and bone mineral density abnormalities [9]. These complications can significantly impact the overall health and well-being of people living with HIV (PLHIV), necessitating careful monitoring and management [5,10]. Beyond viral suppression, the long-term health of individuals on ART is increasingly a focus of research and clinical attention. Among the various physiological systems affected by HIV infection and its treatment, the endocrine system, particularly the hypothalamic pituitary gonadal (HPG) axis, is particularly vulnerable [11,12]. Luteinizing Hormone (LH), a gonadotropic hormone produced by the pituitary gland, is a crucial biomarker in this context. It plays a central role in regulating reproductive function by stimulating testosterone production in men and ovulation in women [13,14].
Disruptions in LH and other sex hormone levels are recognized as significant complications in PLHIV, both before and during ART. Hypogonadism, characterized by low levels of sex hormones like testosterone, is a common endocrine disorder in HIV infected men, with prevalence rates reported to be as high as 50% in some studies. This condition can be caused by defects at different levels of the HPG axis. While HIV infection itself can directly impact the testes (primary hypogonadism), a more frequent cause is a disruption at the level of the pituitary or hypothalamus (secondary or tertiary hypogonadism), which is reflected in inappropriately low or normal LH levels despite low testosterone [11,12].
Alterations in LH levels are a key concern. While the chronic inflammation, weight loss, and opportunistic infections associated with untreated HIV can suppress the HPG axis and lead to low LH [15], the effects of ART are complex. Some studies report that ART, particularly regimens containing protease inhibitors (PIs) or the non-nucleoside reverse transcriptase inhibitor (NNRTI) efavirenz, may contribute to hormonal disturbances [11,12,16]. For instance, efavirenz has been shown to have effects on sex hormone metabolism, and some PIs have been linked to altered body composition and metabolic changes that can indirectly affect gonadal function [17].
Furthermore, the return to health phenomenon seen with successful ART does not always lead to a complete normalization of the HPG axis, testosterone levels may improve with viral suppression and improved health, LH levels can remain dysregulated, suggesting a persistent central defect [18,19]. This ongoing endocrine disruption can lead to significant clinical consequences, including decreased libido, erectile dysfunction, loss of muscle mass and bone density, fatigue, and depression, all of which substantially impair the quality of life for PLHIV. The interplay between the HIV virus itself, the associated chronic inflammation, and the specific effects of different ART drugs creates a complex endocrine environment that predisposes PLHIV to these hormonal imbalances [11,12]. The aim of this study was to assess serum phosphate and luteinizing hormone (LH) levels in HIV patients on antiretroviral therapy (ART) attending Rivers State University Teaching Hospital in Port Harcourt, Nigeria.

2. materialS and methods 
2.1 Study Design
The study employed analytical cross-sectional design to determine the serum phosphate and Luteinizing Hormone (LH) levels among HIV positive patients on Antiretroviral Therapy (ART) in Port Harcourt, Nigeria.
2.2 Study Area 
This study was carried out in Port Harcourt, Nigeria. Port Harcourt is the capital of Rivers State (with 23 local government areas). Port Harcourt is a metropolis that is considered the commercial Centre of the Nigeria oil Industry with an estimated population of 1,148,665. It is a major industrial Centre as it has many multinational firms as well as other industrial concerns, particularly business related to the petroleum industry. 
[image: ]
 Figure 1 Map of Rivers State showing where Rivers State University Teaching Hospital is located 
2.3 Study Population
The study population consisted of adult HIV positive subjects attending the Rivers State University Teaching Hospital in Port Harcourt, Nigeria, who were on stable antiretroviral therapy for at least six months. This duration was chosen to ensure patients achieved a stable state of viral suppression and to allow for the potential development of ART related metabolic and endocrine side effects. The study included both male and female patients to allow for the exploration of gender specific differences.
2.4. Eligibility Criteria
2.4.1 Inclusion Criteria:
Participants were required to meet all the following criteria:
i.	Be aged 18 years or older.
ii.	Be HIV positive.
iii.	Be on a stable regimen of Antiretroviral Therapy (ART) for at least six months.
iv.	Be willing and able to provide written informed consent.

2.4.2 Exclusion Criteria:
I. Current pregnancy or breastfeeding.
II. A known history of preexisting renal disease or metabolic bone disorders unrelated to HIV.
III. A known history of preexisting endocrine disorders (e.g., pituitary or primary gonadal failure).
IV. Current use of medications known to significantly affect phosphate or LH levels (e.g., corticosteroids, hormonal contraceptives, phosphate supplements).
V. Presence of an acute, severe opportunistic infection or other critical illness at the time of recruitment
2.5 Sample Size Determination
[bookmark: _Hlk215653088]The sample size for this study was calculated using Cochran formula for cross sectional studies [20].
However, target population is small (<1000), finite population correction (FPC) was used,
Final adjusted sample size = 50
2.6 Sampling Technique
A systematic random sampling technique was employed for participant recruitment. On clinic days, every eligible patient who met the inclusion criteria and provided consent was enrolled into the study until the target sample size was achieved. 
2.7 Data Collection
After obtaining informed consent, a pretested, structured questionnaire was administered to the patient as samples were collected and the questionnaire was designed to gather information.
2.8 Blood Sample Collection and Handling
Five (5) ml of venous blood was collected from each participant by a qualified phlebotomist under aseptic conditions. The blood was drawn into a serum separator tube (SST). The sample was allowed to clot at room temperature for 30 minutes and then centrifuged at 3000 rpm for 10 minutes to separate the serum. The resulting serum was carefully aliquoted into two clearly labeled cryovials for the estimation of phosphate and LH levels. The serum samples were stored at -20°C until the laboratory analysis to maintain sample integrity.
2.9 Laboratory Analysis
2.9.1 Estimation of Serum Phosphate
Serum phosphate concentration was determined using UV-phosphomolybdate method with reagents from Spectrum Diagnostics.
2.9.1.1 	Principle of the Method
The method is based on the reaction of inorganic phosphate present in the serum sample with an acidic molybdate solution to form a yellow colored phosphomolybdate complex.
Phosphate + Molybdate Reagent (in acidic medium) → Ammonium Phosphomolybdate Complex (Yellow)
The intensity of the yellow color produced is directly proportional to the concentration of inorganic phosphate in the sample. The absorbance of this colored complex is measured spectrophotometrically at a wavelength of 340 nm. The concentration of phosphate in the patient's serum is then calculated by comparing its absorbance to that of a known standard.
2.9.2 Estimation of Luteinizing Hormone (LH)
Serum intact LH levels were measured using a quantitative sandwich ELISA technique with a commercial kit from AccuBind (Monobind Inc., USA).
2.9.2.1 	Principle of the Method
The AccuBind LH ELISA is a solid phase, sandwich immunoassay that utilizes a streptavidin coated microplate. The assay begins when patient serum, a specific biotinylated monoclonal anti LH antibody, and an enzyme conjugated (Horseradish Peroxidase HRP) anti LH antibody are added to the microwells. During incubation, the LH present in the sample simultaneously binds to both the biotinylated and enzyme conjugated antibodies, forming an "Antibody LH Antibody Enzyme" sandwich complex. This complex is then captured and immobilized onto the well surface through the high affinity interaction between streptavidin and biotin. After incubation, the wells are washed thoroughly to remove any unbound enzyme conjugated antibodies and other serum components. A chromogenic substrate, Tetramethylbenzidine (TMB), is then added, which is catalyzed by the HRP enzyme in the captured complex to produce a blue colored product. The reaction is subsequently stopped by the addition of an acid solution, changing the color from blue to yellow. The intensity of this yellow color, which is directly proportional to the concentration of LH in the original sample, is measured spectrophotometrically at a wavelength of 450 nm.
2.10 Quality Control
Strict quality control measures were implemented. For both assays, commercial control sera (high, medium, and low concentrations) were run with each batch of samples. Results were plotted on Levey Jennings charts to monitor assay performance. Any run where control values fell outside the acceptable range was rejected and repeated. All laboratory equipment was regularly calibrated and maintained.
2.11 Data Analysis
Data was analyzed using the Statistical Package for the Social Sciences (SPSS) version 25.0. Descriptive statistics were used to summarize the data; continuous variables were presented as mean ± standard deviation (SD), while categorical variables were presented as frequencies and percentages. ANOVA was employed to compare the mean levels across more than two groups, Tukey HSD post-hoc test was performed to identify which specific groups differed from each other. An independent t-test was used to compare the mean between two independent groups; Pearson correlation was used to examine the relationship between variables. A p-value of less than 0.05 was considered statistically significant for all tests.
3. results and discussion
Table 1: Distribution of Gender and Age by HIV Status
	Variable
	Category
	HIV  Negative (n = 25)
	HIV  Positive (n = 25)
	Total (n = 50)

	Gender
	Male
	15 (60.0%)
	13 (52.0%)
	28 (56.0%)

	
	Female
	10 (40.0%)
	12 (48.0%)
	22 (44.0%)

	Age (Years)
	Mean ± SD
	41.14 ± 11.46
	42.72 ± 15.93
	 




[bookmark: _Toc13311][bookmark: _Toc1698][bookmark: _Toc27454]Table 2: Comparison of Serum Phosphate and Luteinizing Hormone (LH) Between HIV  positive and HIV  negative Subjects
	Parameter
	HIV  positive (n=25)
	HIV  negative (n=25)
	t  value
	p  value
	Remark

	Serum Phosphate (mg/dL)
	1.48 ± 0.13
	1.73 ± 0.17
	  5.95
	0.001
	SS

	LH (mIU/ml)
	11.80 ± 13.36
	10.57 ± 11.16
	0.35
	0.726
	NS


KEY: LH = Luteinizing Hormone; SS = Statistically Significant (p < 0.05); NS = Not Significant (p > 0.05). Values are expressed as Mean ± Standard Deviation.
[bookmark: _Toc32313][bookmark: _Toc15290][bookmark: _Toc2802]
Table 3: Comparison of Serum Phosphate and Luteinizing Hormone (LH) Between Male and Female HIV positive Subjects
	Parameter
	Male (n=13)
	Female (n=12)
	t  value
	p  value
	Remark

	Serum Phosphate (mg/dL)
	1.46 ± 0.10
	1.49 ± 0.15
	  0.67
	0.510
	NS

	LH (mIU/ml)
	3.17 ± 1.15
	21.15 ± 14.30
	  4.52
	0.001S
	SS


Key: LH = Luteinizing Hormone; SS = Statistically Significant (p < 0.05); NS = Not Significant (p > 0.05). Values are expressed as Mean ± Standard Deviation.
[bookmark: _Toc4480][bookmark: _Toc25706][bookmark: _Toc18645]
Table 4: Comparison of Serum Phosphate and Luteinizing Hormone (LH) Across Age Brackets of HIV positive Subjects
	Parameter
	18–32 yrs (n=10)
	33–47 yrs (n=2)
	48–62 yrs (n=13)
	F  value
	p  value
	Remark

	Serum Phosphate (mg/dL)
	1.52 ± 0.17ᵇ
	1.73 ± 0.17ᵃ
	1.57 ± 0.19ᵇ
	5.36
	0.008
	SS

	LH (mIU/ml)
	26.19 ± 12.79ᵃ
	6.79 ± 1.50ᵇ
	3.23 ± 1.26ᶜ
	49.30
	0.000
	SS


KEY: LH = Luteinizing Hormone; SS = Statistically Significant (p < 0.05); NS = Not Significant (p > 0.05). Values are expressed as Mean ± Standard Deviation. Values with different superscripts (ᵃ, ᵇ, ᶜ) in the same row differ significantly at p < 0.05 (Tukey HSD).

Table 5: Comparison of Serum Phosphate and Luteinizing Hormone (LH) Between Single and Married HIV-positive Patients on ART
	Parameter
	Single 
(n=14)
	Married 
(n=11)
	t-value
	p-value
	Remark

	Serum Phosphate (mg/dL)
	1.50 ± 0.14
	1.44 ± 0.10
	1.28
	0.213
	NS

	LH (mIU/ml)
	11.49 ± 11.64
	12.20 ± 15.87
	-0.13
	0.897
	NS


Key: LH = Luteinizing Hormone; SS = Statistically Significant (p < 0.05); NS = Not Significant (p > 0.05). Values are expressed as Mean ± Standard Deviation.

Table 6: Comparison of Serum Phosphate and Luteinizing Hormone (LH) Between HIV-positive Patients on ART According to Educational Level
	Parameter
	Secondary
(n=8)
	Tertiary
(n=17)
	t-value
	p-value
	Remark

	Serum Phosphate (mg/dL)
	1.49 ± 0.09
	1.47 ± 0.15
	0.48
	0.638
	NS

	LH (mIU/ml)
	13.32 ± 12.14
	11.09 ± 14.19
	0.38
	0.705
	NS


Key: LH = Luteinizing Hormone; SS = Statistically Significant (p < 0.05); NS = Not Significant (p > 0.05). Values are expressed as Mean ± Standard Deviation

Table 7: Correlation Between Serum Phosphate and Luteinizing Hormone (LH) Among HIV-positive Patients on ART
	Variables
	Pearson Correlation (r)
	p-value
	Remark

	Serum Phosphate vs LH
	-0.156
	0.455
	NS


Key: LH = Luteinizing Hormone; NS = Not Significant (p > 0.05). Values are expressed as Mean ± Standard Deviation. A negative correlation (r = -0.156) indicates an inverse but statistically non-significant relationship between serum phosphate and LH levels among HIV-positive patients on ART.


The study was carried out to assess serum phosphate and luteinizing hormone (LH) levels in HIV patients undergoing antiretroviral therapy (ART) in Rivers State University Teaching Hospital, Port Harcourt, Nigeria, with the aim of determining the relationship between these two parameters and their implications.  A critical factor noted during the study was that all patients in the HIV-positive cohort were receiving the same combination ART regimen: Zidovudine (AZT), Tenofovir Disoproxil Fumarate (TDF), Lamivudine (3TC), and Atazanavir (ATV). The inclusion of Tenofovir Disoproxil Fumarate (TDF) is of immediate and central importance. TDF is a nucleotide reverse transcriptase inhibitor (NRTI) that is highly effective but also widely recognized for its potential to induce nephrotoxicity. Specifically, it is strongly associated with renal tubular dysfunction, a condition that impairs the reabsorption of solutes, leading directly to the urinary wasting of phosphate and consequent hypophosphatemia.
The study found that mean serum phosphate concentration was significantly lower in HIV-positive individuals (1.48 ± 0.13 mg/dL) compared to HIV-negative controls (1.73 ± 0.17 mg/dL; p = 0.001).  This relative hypophosphatemia is cause almost certainly by the TDF component of the patients' ART regimen. The mechanism is well established: TDF can accumulate in the proximal renal tubular cells, causing mitochondrial toxicity and leading to proximal renal tubulopathy, or Fanconi-like syndrome [21]. This dysfunction impairs the kidney's ability to reabsorb essential solutes, including glucose, amino acids, and, most notably, phosphate. 
This is consistent with several previous studies reporting hypophosphatemia as a frequent metabolic abnormality in HIV patients undergoing ART [21,22]. The reduction in serum phosphate can be attributed to renal phosphate waste, also often associated with tenofovir disoproxil fumarate (TDF) based regimens, which impair proximal tubular reabsorption [23]. Tenofovir-induced renal tubular dysfunction leads to phosphate leakage and decreased serum levels, which may predispose patients to osteomalacia, bone mineral density loss, and muscular weakness [24,25]. Similarly, studies conducted in sub-Saharan Africa have demonstrated comparable patterns. A study reported significantly reduced serum phosphate among TDF-treated HIV patients relative to non-TDF users [26]. It causes chronic hypophosphatemia, even when mild, and is a primary driver of metabolic bone disease. It disrupts normal bone mineralization, leading to conditions like osteomalacia and osteoporosis [24]. This significantly elevates the long-term risk of fragility fractures, a major source of morbidity and reduced quality of life in the aging HIV population [21]. This affirms the hypothesis that serum phosphate levels are significantly altered in HIV positive individuals on ART.
In contrast to serum phosphate, the mean serum LH levels were slightly higher in HIV-positive participants (11.80 ± 13.36 mIU/mL) than in HIV-negative subjects (10.57 ± 11.16 mIU/mL), the difference was not statistically significant (p = 0.726). This suggests that overall gonadotropic function was not markedly impaired across the study population. However, within the HIV-positive cohort, gender-specific patterns emerged. Female participants recorded significantly higher LH concentrations (21.15 ± 14.30 mIU/mL) than their male counterparts (3.17 ± 1.15 mIU/mL; p = 0.001). This disparity aligns with the established physiological roles of LH in ovarian steroidogenesis and follicular maturation in women, as well as reports that HIV infection may alter hypothalamic–pituitary–gonadal (HPG) axis function differently in each sex [27,28].
In men, low LH levels may reflect secondary hypogonadism, often seen in chronic HIV infection and associated with factors such as prolonged illness, weight loss, and ART-related endocrine disruption [29]. Conversely, elevated LH in women could indicate compensatory pituitary stimulation in response to reduced ovarian responsiveness or early ovarian insufficiency induced by HIV or ART exposure [30]. These hormonal perturbations mirror causes a disrupted reproductive hormone balance among HIV-positive women of reproductive age, attributing such changes to immune endocrine [15,31,32].
The analysis by age revealed significant differences for both analytes. Serum phosphate levels were highest among participants aged 33-47 years (1.73 ± 0.17 mg/dL) and lowest in those aged 18–32 years (1.52 ± 0.17 mg/dL; p = 0.008). This trend is consistent with prior observations that younger HIV patients on prolonged ART often experience greater renal tubular phosphate loss due to higher metabolic activity and longer drug exposure [17,33]. In contrast, LH levels exhibited an inverse age trend (p = 0.001), declining progressively with increasing age. The youngest group (18-32 years) showed markedly higher LH (26.19 ± 12.79 mIU/mL), while the oldest group (48-62 years) had the lowest (3.23 ± 1.26 mIU/mL). Age-related decline in LH among HIV-positive adults may reflect progressive hypothalamic–pituitary axis suppression, chronic systemic inflammation, or the cumulative metabolic burden of ART [34,35]. They also align with previous reports that aging HIV patients exhibit altered gonadotropin dynamics, contributing to premature reproductive senescence and hypogonadism [36,37].
Although this study primarily compared individual parameters, the inverse age-related behavior of phosphate and LH implies potential physiological interconnections. Phosphate metabolism and gonadal hormone regulation share regulatory links via energy homeostasis and vitamin D metabolism [38]. Hypophosphatemia, as observed here, may indirectly influence LH secretion through impaired energy signaling or altered feedback mechanisms within the HPG axis. Studies in both human and animal models suggest that phosphate deficiency and metabolic acidosis can reduce gonadotropin synthesis by inhibiting pituitary responsiveness [39,40]. Thus, the observed alterations, though not directly correlated, could reflect underlying systemic disruptions in metabolic-hormonal balance among ART-treated individuals.
 Pearson correlation analysis revealed a weak, negative, and statistically non-significant relationship (r = -0.156) between serum phosphate and Luteinizing Hormone levels among the HIV-positive patients (p = 0.455). The two systems are physiologically distinct and independently regulated. Serum phosphate concentration in this cohort is primarily governed by renal tubular function and directly impacted by the pharmacological toxicity of TDF, while LH secretion is governed by the complex hypothalamic-pituitary-gonadal (HPG) axis, an endocrine feedback loop involving GnRH, gonadal steroids (estrogen, testosterone), and inhibin. There is no known direct physiological crosstalk that links renal phosphate handling to pituitary LH secretion.
The findings of this study have significant implications for HIV management. Hypophosphatemia, if unmonitored, can contribute to musculoskeletal complications and exacerbate ART-associated bone demineralization, which is already prevalent in HIV-infected populations [39,40]. Moreover, subtle hormonal imbalances may impair reproductive health and contribute to reduced fertility potential, particularly in women with elevated LH. Therefore, routine screening for phosphate and LH abnormalities should form part of ART follow-up protocols. Early detection and intervention through dietary phosphate supplementation, vitamin D optimization, and ART regimen modification could mitigate long-term complications.

4. Conclusion
The results show the need for comprehensive biochemical monitoring in HIV care to detect early signs of mineral and hormonal imbalance. The results reject the null hypothesis that there is no significant difference in serum phosphate levels between HIV-positive and HIV-negative individuals, confirming that ART and HIV infection significantly lower phosphate concentration. However, the null hypothesis regarding LH levels could not be rejected, as no significant overall difference was observed. Significant associations with age and gender further validate the objective to identify demographic factors influencing these parameters. The findings collectively suggest that while ART contributes to metabolic disruptions, hormonal effects are more nuanced and may depend on sex and age.

Consent 
Informed consent was obtained from every participant after the study's purpose, procedures, potential risks, and benefits have been fully explained in a language they understand. Participation was entirely voluntary, and participants could withdraw at any time without penalty or loss of medical care. All data was anonymized and kept confidential to protect participant privacy.

Ethical approval 
Ethical approval was obtained from the Health Research Ethics Committee, Rivers State Hospital Management Board. 
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