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ABSTRACT 

	Aim: to evaluate serum calcium and FSH levels in ART-naïve HIV patients and those on ART attending the HIV clinic at Rivers State University Teaching Hospital, Port Harcourt.
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 design was employed, involving 60 participants (30 ART-naïve and 30 on ART for ≥6 months) aged 18–60 years. 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 calcium was measured using the O-cresolphthalein complexone method, and FSH was assessed via fluorescence immunoassay method. Data were analyzed using SPSS version 25, with independent t-tests and chi-square tests applied and results were considered statistically significant at 95% confidence interval (p<0.05).
Results: Results showed significantly lower mean serum calcium in ART subjects (6.49 ± 0.68 mg/dL) compared to ART-naïve subjects (8.22 ± 0.75 mg/dL, p=0.001), suggesting ART-related bone metabolism disruption. Mean FSH levels were significantly higher in ART patients (10.64 ± 1.14 mIU/mL) than in ART-naïve patients (6.96 ± 0.96 mIU/mL, p=0.001), indicating potential pituitary or gonadal dysfunction.
Conclusion: These findings highlight the need for routine monitoring of calcium and reproductive hormones in HIV patients on ART to mitigate complications like osteoporosis and infertility. Recommendations include integrating calcium and FSH testing into Nigeria’s HIV treatment guidelines and promoting dietary interventions to improve patient outcomes.
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1. INTRODUCTION 
Human Immunodeficiency Virus (HIV) remains a significant global health challenge, affecting millions of individuals worldwide. In Nigeria, the prevalence of HIV is estimated at 1.4%, with approximately 1.9 million people living with the virus [1]. The introduction of antiretroviral therapy (ART) has transformed HIV from a fatal condition to a manageable chronic disease, significantly improving life expectancy and quality of life for affected individuals [2]. However, the long-term use of ART has been associated with metabolic and endocrine complications, including alterations in serum calcium and follicle-stimulating hormone (FSH) levels, which may impact overall health outcomes [3].
Serum calcium plays a critical role in numerous physiological processes, including bone health, muscle function, and nerve signaling [4]. Disruptions in calcium homeostasis have been reported in HIV-infected individuals, both in treatment-naive patients and those on ART, potentially due to the virus itself or the medications used to manage it [5]. Similarly, follicle-stimulating hormone, a key regulator of reproductive function, may be affected by HIV and ART, leading to reproductive and endocrine dysfunction [6,7]. These alterations are particularly relevant in the context of Nigeria, where access to comprehensive healthcare for HIV patients is often limited, and the impact of these biochemical changes remains underexplored.
Port Harcourt, a major urban center in Nigeria, hosts several HIV treatment clinics that serve a diverse population of HIV-positive individuals. Understanding the biochemical profile of these patients, particularly serum calcium and FSH levels, is crucial for optimizing clinical management and improving health outcomes. This study aims to estimate and compare serum calcium and FSH levels in treatment-naive HIV patients and those on ART attending an HIV clinic in Port Harcourt, contributing to the body of knowledge on HIV-related metabolic and endocrine complications.
Despite advancements in HIV management, metabolic and endocrine complications remain a significant concern, particularly in resource-limited settings like Nigeria. Alterations in serum calcium levels have been linked to bone mineral density loss and increased fracture risk in HIV patients, while disruptions in FSH levels may contribute to reproductive health challenges [6,7,8]. Limited data exist on the comparative analysis of these parameters between treatment-naive HIV patients and those on ART in Nigeria, particularly in Port Harcourt. The lack of localized data hampers the development of targeted interventions to address these complications, potentially leading to poorer health outcomes for HIV patients. This study seeks to address this gap by evaluating serum calcium and FSH levels in these patient groups [8].
The introduction and administration of antiretroviral therapies (ART) have revolutionised the management and treatment of Human Immunodeficiency Virus (HIV) and acquired immunodeficiency syndrome (AIDS), thus increasing life expectancy. However, ART with its tremendous clinical significance in the management of AIDS causes deficiency of important electrolytes like calcium and zinc [9]. Moreso, it is evidence from a study conducted in Nnamdi Azikiwe University Teaching hospital (NAUTH), Nnewi, South- East Nigerian on female subjects with HIV that FSH significantly increased in subjects undergoing ART compared the naïve control [10]. Therefore, the aim of this study was to evaluate serum calcium and FSH levels in ART-naïve HIV patients and those on ART attending the HIV clinic at Rivers State University Teaching Hospital, Port Harcourt.


2. materialS and methods 
2.1 Study Design
This study employed an analytical cross-sectional design. In this case, the groups are:
Naïve HIV patients: Those who have been diagnosed with HIV but have not yet started antiretroviral therapy (ART).
HIV patients on ART: Those already receiving treatment for at least 6 months.
The design makes it possible to directly compare their serum calcium and follicle stimulating hormone (FSH) levels.
2.2 Study Area
The study was conducted at Rivers State University Teaching Hospital, a comprehensive HIV care clinic located within a major public tertiary hospital in Port Harcourt, Rivers State, Nigeria. Port Harcourt is a significant urban center in the Niger Delta region, serving as a hub for economic activities and healthcare services for a diverse population from Rivers State and surrounding areas. The chosen teaching hospital is renowned for providing extensive HIV treatment and care services, including diagnosis, ART initiation, follow-up, and laboratory monitoring. It attracts a large patient population, thus providing a suitable environment for recruiting the target participants for this study.
[image: ]
 Figure 1 Map of Rivers State showing where Rivers State University Teaching Hospital is located.
2.3 Study Population
A total of 60 subjects between the ages of 18 and 60 were used. Thirty (30) subjects served as the ART-naive group, while the other thirty (30) were the ART-treated group. They were informed about the study, and oral consent was obtained from interested participants. A well-structured questionnaire was administered to gather relevant information such as demographic data, medical history, duration on ART, and lifestyle factors (diet, physical activity, etc.).
2.4 Eligibility Criteria 
2.4.1 Inclusion Criteria
Participants who met the following criteria were recruited:
· Adults aged 18–60 years.
· Confirmed HIV-positive status through rapid diagnostic test and confirmatory ELISA (as per national guidelines).
· Willing to give informed consent to participate in the study.
· Belonging to either of the two groups: naïve or on ART ≥ 6 months.
2.4.2 Exclusion Criteria
Subjects were excluded if they:
· Had known chronic kidney disease 
· Had thyroid or parathyroid disorders.
· Were pregnant 
· Were on medications that affect bone metabolism or hormones 
· Declined to participate.
2.5 Sample Size Determination
The prevalence of HIV at 5.2% [11] was reported among adult HIV patients attending HIV Unit at Rivers State University Teaching Hospital, Port Harcourt.
Using the formula: n= (Z^2 pq)/d^2 [12]
Where;
n= Minimum sample size 
Z = Standard deviation corresponding to 95% confidence level set at 1.96²=3.482
p= 5.2%=0.052, q= 1-p= 0.948, d= margin error (0.05)²=0.0025
n= 69 participants.
Due to some limitations in obtaining samples from participants, 60 participants were recruited for this study instead of the actual sample size of 69.
2.6 Sample Collection, Processing and Transportation
Five millilitres (5ml) of venous whole blood specimen was drawn using a sterile hypodermic syringe and needles by standard venepuncture technique; and the blood specimen was dispensed into plain bottles. The blood samples were kept in ice packs at a temperature of 2⁰C - 8⁰C during transport to the laboratory unit of Prime Medical Consultants. Immediately after getting to the laboratory, blood samples in the plain bottles were spun using a centrifuge at 2400 rpm for 5 minutes to obtain the serum which were separated and transferred into separate plain sample bottles, and were stored in the freezing compartment of the refrigerator until the time for analysis; the serum was used for the analysis of calcium and follicle stimulating hormone. 
2.7 Sample Analysis
2.7.1 The Determination of Serum Calcium 
2.7.1.1 Assay Method: O-cresolphthalein complexone (O-CPC) colorimetric method [13].
2.7.1.2 Assay Principle: Calcium ions react with O-cresolphthalein complexone under alkaline conditions to form a violet-colored complex called calcium-OCPC complex (Ca² + O-CPC------------>Calcium-OCPC complex).
The color intensity of the complex formed is directly proportional to the calcium concentration and is determined by measuring the increase in absorbance at 578 nm.
2.7.2: The Determination of Follicle Stimulating Hormone 
2.7.2.1: Method of Assay: FSH Rapid Test Kit (Test, F.S.H.R.Q., User manual)
2.7.2.2 Assay Principle: The Anbio FSH Rapid Test Kit is based on fluorescence immunoassay technology. The Anbio FSH Rapid Test Kit uses a sandwich immuno detection method. When sample is added to the sample well of the test, the fluorescence-labeled detector FSH antibody binds to FSH antigen in the specimen. As the sample mixture migrates on the nitrocellulose matrix of test strip by capillary action, the complexes of detector antibody and FSH are captured to anti-FSH antibody that has been immobilized on test strip. Thus, the more FSH antigen is in the specimen, the more complexes are accumulated on test strip. Signal intensity of fluorescence of detector antibody reflects amount of FSH captured and Anbio FIA Meter shows FSH concentration in the specimen.
2.8 Data Analysis
Data was analyzed using Statistical Package for Social Sciences (SPSS) version 25. Mean, standard deviation, frequency, and percentage will be used to summarize data. Independent sample t-test will compare mean serum calcium and FSH between naïve and ART patients. Chi-square test was used for categorical variables like sex, age, and marital status. Level of significance: p-value < 0.05 was considered statistically significant.

3. results and discussion
Table 1: Socio-Demographic Characteristics of Participants
	Variable
	     Naïve HIV Patients (n = 30)
	    ART Patients (n = 30)
	Total (n = 60)

	Age (years)
	
	
	

	18–29	                       
	                   8 (27%)	                           
	             7 (23%)
	    15 (25%)

	30–39
	                  13 (43%)	                            
	             18 (60%)            
	   31 (52%)                                                               

	40–49	                       
	                  6 (20%)	                                           
	             3 (10%)                                                                         
	   9 (15%)

	50–59
	                 3 (10%)	                                 
	             2 (7%)                            
	    5 (8%)

	Sex
	
		               
	

	Male	   
	                 13(43%)
	              11 (37%)
	   24 (40%)

	Female	             
	                 17(57%)
	             19 (63%)	                
	   36 (60%)



Table 2: Clinical Characteristics of ART Patients
	Variable
	       Frequency (n=30)	
	      Percentage (%)

	Duration on ART < 2 years
	9
	30%

	Duration on ART 2–5 years
	14
	47%

	Duration on ART > 5 years          
	7
	23%

	ART regimen (TDF/3TC/EFV)    
	16
	53%

	ART regimen (TDF/3TC/DTG)   
	8
	27%

	ART regimen (Others)                  
	6
	20%



Table 3: Serum Calcium Levels in Naïve and ART Patients
	Group	                
	Mean  SD
	P-value
	Remark

	Naïve HIV Patients
	8.22 0.75
	0.001
	Significant

	ART Patients	                       
	6.49  0.68
	0.001
	Significant 



Table 4: Serum FSH Levels in Naïve and ART Patients
	Group  
	Mean  SD
	    P-value
	Remark

	Naïve HIV Patients
	            6.96 0.96
	      0.001
	Significant

	ART Patients
	           10.64 	 1.14                  
	      0.001
	Significant 



Table 5: Statistical Comparison of Naïve vs ART Patients
	Parameter
	Naïve Patients (Mean ± SD)
	ART Patients (Mean ± SD)
	 P-value
	Remark
	

	Serum Cal1cium (mg/dL)
	8.22 ± 0.75
	6.49 ± 0.68
	0.001
	Significant
	

	Serum FSH (mIU/mL)
	6.96 ± 0.96
	10.64 ± 1.14
	0.001
	Significant 
	


Significant at p < 0.05
This study was conducted in Rivers State University Teaching Hospital, Port Harcourt. A total of 60 participants were recruited for the study: 30 were naïve HIV patients (had not started ART). 30 were on ART for at least 6 months. The age range of participants was 18–58 years, with a mean age of 34.6 ± 8.2 years. The study had slightly more females (60%) than males (40%), which reflects the higher clinic attendance of women for HIV care in Nigeria. Most participants were between 30–39 years, which is consistent with the sexually active and economically were s productive age group most affected by HIV in Sub-Saharan Africa [14]. Most participants ingle (55%), which shows that HIV affects young people who are sexually active yet carefree.
The study found that naïve HIV subjects had a mean serum calcium of 8.22 mg/dL, while ART subjects had a lower mean value of 6.49mg/dL. Although both were within the normal reference range (8.8–10.2 mg/dL), the difference was statistically significant (p = 0.001). This agrees with the findings of Brown et al. [15] who reported that long-term ART, especially Tenofovir disoproxil fumarate (TDF), is associated with bone mineral loss due to increased renal calcium excretion. In simpler terms, ART can make calcium “leak” from the bones and kidney, reducing the total calcium available in the blood. Over time, this may increase the risk of osteopenia or osteoporosis in HIV subjects.
In Nigeria, a study by Okeke et al. [16] in Enugu also showed significantly reduced calcium levels in subjects on ART compared to ART-naïve subjects. This finding confirms that what we observed in Port Harcourt is not an isolated case but part of a consistent pattern across different populations. Possible reasons for reduced calcium levels in ART subjects include: Direct effect of Tenofovir: Causes renal phosphate waste and low calcium retention. Vitamin D deficiency: Common in HIV subjects, worsens calcium imbalance. Chronic inflammation: HIV infection itself disrupts bone metabolism by increasing cytokines that reduce calcium absorption. Lower calcium levels may not immediately cause symptoms, but with long-term ART, subjects are at higher risk of bone weakness, fractures, and dental problems. Therefore, monitoring calcium levels should be part of HIV care. The study revealed that naïve HIV subjects had a mean serum FSH of 6.96 mIU/mL, while ART subjects had significantly higher levels (10.64 mIU/mL, p = 0.001) [16].
[bookmark: _Hlk215908285]This means that ART subjects tend to have elevated FSH levels, which is a sign of possible gonadal dysfunction. When the testes in men or ovaries in women do not function properly, the pituitary gland responds by releasing more FSH to stimulate them. This is consistent with the work of [17], who reported that HIV subjects on ART had higher rates of hypogonadism compared to those not yet on treatment. Similarly, Ezeugwunne et al. [18] in Lagos, Nigeria, observed significantly higher FSH and LH levels in male HIV subjects on ART, suggesting testicular failure. ART drugs, particularly protease inhibitors, may interfere with steroid hormone synthesis. HIV infection itself causes chronic immune activation, damaging reproductive organs. Long-term illness and malnutrition also contribute to reduced gonadal function.
[bookmark: _Hlk215908437]Raised FSH levels suggest that ART subjects may be at risk of reproductive problems, including infertility, menstrual irregularities in women, and low sperm counts in men. This is especially important in Port Harcourt, where many HIV subjects are within the reproductive age group (20–40 years) and may wish to have children. Taken together, this study shows that ART significantly alters both calcium and FSH levels in HIV subjects. While ART is lifesaving and reduces HIV-related deaths, it comes with side effects that affect bone metabolism (via calcium) and reproductive function (via FSH). This dual effect has also been highlighted by WHO (2021) [19], which recommends that HIV care should not only focus on viral suppression but also on the long-term metabolic and hormonal complications of ART. Our findings also agree with the broader evidence that ART, while essential, must be monitored carefully, with periodic checks on calcium and hormone levels to prevent long-term complications. Like Okeke et al. [16] and Asha, et al. [15] who reported reduced calcium in ART subjects. Slightly different from Mugisha et al. [20], where no significant calcium differences were found. The difference could be due to dietary calcium intake in Ugandan populations being higher (milk-based diets).
Consistent with Schwartz et al. [17] and Ezeugwunne et al. [18] who observed increased FSH in ART subjects. Contradicts some earlier studies, where no change in FSH was observed. Differences may be due to shorter ART duration in their sample. The results of this study have major implications for both clinicians and subjects: ART subjects are at higher risk of low calcium, which can lead to fragile bones.
Routine serum calcium and Vitamin D monitoring should be introduced in HIV clinics. Higher FSH levels point to possible fertility problems. HIV care should integrate reproductive counseling and hormonal assessments. Nigerian HIV treatment guidelines should include calcium and hormone monitoring for subjects on ART. Subjects should be educated about nutrition e.g., eating calcium-rich foods (milk, fish, vegetables).
4. Conclusion
HIV subjects on ART had significantly lower serum calcium levels compared to naïve subjects. HIV subjects on ART had significantly higher serum FSH levels compared to naïve subjects. These changes suggest that ART affects both bone metabolism and reproductive hormone regulation in HIV subjects. Therefore, while ART is essential for survival, it comes with side effects that require early detection and management.
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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 
Prior to data collection, full ethical approval was obtained from the Health Research Ethics Committee (HREC) of Rivers State University Teaching Hospital, Port Harcourt. Permission was also gotten from the management of the HIV comprehensive care clinic. 
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