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ABSTRACT

Background: Alterations in adiponectin levels among HIV-infected individuals receiving highly active antiretroviral therapy (HAART) have been associated with cardiometabolic risk. However, adiponectin and metabolic parameters among people living with HIV on HAART remain insufficiently investigated. 
Aim: To evaluate adiponectin concentrations and some selected metabolic indices associated with obesity and lipid metabolism among HIV-positive individuals on HAART at the Rivers State University Teaching Hospital, Port Harcourt. 
Materials and Methods: This cross-sectional study recruited 50 HIV-infected adults on HAART and 39 apparently healthy HIV-negative controls. Demographic data were obtained using a structured questionnaire. Anthropometric and blood pressure measurements were determined using standard procedures. Serum adiponectin was measured by enzyme-linked immunosorbent assay (ELISA), fasting glucose by the glucose oxidase method and lipid profile parameters enzymatically, with low-density lipoprotein cholesterol calculated using the Friedewald equation. Derived cardiometabolic indices were computed using standard formulae. Data were analyzed using SPSS version 26, with statistical significance set at p < 0.05.
Results: There were no significant differences (p > 0.05) between HIV-infected individuals on HAART and HIV-negative controls in adiponectin, fasting glucose, lipid profile parameters, or most cardiometabolic indices. However, lipid accumulation product (LAP) (50.282±16.93 vs 46.35±19.37), visceral adiposity index (VAI) (0.92 ± 0.40 vs. 0.76 ± 0.93), body roundness index (BRI) (8.72 ± 0.69 vs.  6.66 ± 0.70), and weight-adjusted waist index (WWI) (8.30 ± 0.51 vs. 5.55 ± 0.51) were significantly higher (p < 0.05) among HIV-infected individuals on HAART compared with HIV-negative controls.
Conclusion: Conclusion: Adiponectin levels and most metabolic paramaters did not differ significantly between HIV-infected individuals on HAART and HIV-negative controls. Nonetheless, elevated adiposity-related indices (LAP, VAI, BRI, and WWI) among HIV subjects on HAART suggest a potential subclinical cardiometabolic risk. Routine monitoring of these indices in HIV care is recommended, and larger population-based studies in Port Harcourt are warranted to further elucidate these findings.
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1.0 INTRODUCTION
The advent of HAART has significantly enhanced the life expectancy and quality of life of individuals living with human immunodeficiency virus (HIV) (Katz & Maughan-Brown, 2017). Despite these remarkable benefits, exposure to HAART has been associated with a range of metabolic complications, including dyslipidaemia, obesity, insulin resistance, and an increased risk of cardiovascular disease (Nzuza et al., 2017).
Adiponectin, an adipocyte-derived hormone, plays a crucial role in glucose homeostasis, fatty acid oxidation, and protection against atherosclerosis (Khoramipour et al., 2021). Low circulating adiponectin levels have been implicated in the pathogenesis of metabolic syndrome, insulin resistance, obesity, and cardiovascular disorders (Liu et al., 2019). Emerging evidence indicates that HIV-infected individuals receiving HAART may exhibit altered plasma adiponectin concentrations, potentially contributing to heightened metabolic and cardiovascular risks (Garuba et al., 2025).
To better evaluate these risks, several anthropometric and lipid-related indices have been developed as predictors of adiposity and cardiometabolic health. Obesity-related measures such as waist circumference (WC), body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height Ratio (WHtR), body roundness index (BRI), weight-adjusted waist index (WWI), and visceral adiposity index (VAI) serve as indicators of body fat distribution and cardiovascular risk (Abolhasani et al., 2020; Lee et al., 2022). Similarly, lipid-based indices, including atherogenic index of plasma (AIP), cardiometabolic Index (CMI), lipid accumulation product (LAP), triglycerides-glucose(TyG), triglycerides glucose-body mass index (TyG-BMI),  triglycerides-high density lipoprotein (TG/HDL), castelli risk index I (CRI-I), and castelli risk index II (CRI-II), have been validated as robust markers for evaluating lipid abnormalities and cardiovascular disease risk (Lumu et al., 2023; Rico-Martín et al., 2023). These indices may provide higher risk of metabolic disorders compared to conventional lipid parameters (Lumu et al., 2023; Rico-Martín et al., 2023).
In addition, despite extensive global research, there remains a paucity of data from Nigerian tertiary healthcare settings examining the evaluation and relationship of adiponectin, with obesity-related indices, and lipid-derived indices among HIV-infected individuals, particularly in Rivers State. Few hospital-based studies have simultaneously evaluated adiponectin levels alongside fasting lipid fractions while considering HAART regimen, duration of therapy, anthropometric parameters, and systemic inflammation. This gap in knowledge limits the formulation of context-specific strategies for early screening, metabolic monitoring, and cardiovascular risk reduction among people living with HIV on HAART in Rivers State University Teaching Hospital, Port Harcourt, Nigeria.

2.0 MATERIALS and METHODS

2.1. Study Area
The study was conducted at Rivers State University Teaching Hospital (RSUTH), Port Harcourt. The hospital provides comprehensive HIV care and has a well-established antiretroviral therapy (ART) program, making it an ideal site for the study.
2.2. Subjects Recruitment and Characterization
Eighty nine  participants, consisting of both males and females aged between 27 and 53, were recruited from the Rivers State University Teaching Hospital (RSUTH) for an HIV test, check-up, and antiretroviral medications. They were categorised into two groups: thirty nine sero-negative healthy participants and fifty sero-positive participants receiving antiretroviral treatment. Participants provided self-reported demographic information, including sex (male or female), educational level (primary, secondary, or university), and employment status (employed or unemployed).


2.3 Study Design

This was a cross-sectional comparative design, which evaluated HIV-infected adults on HAART and apparently healthy HIV-negative controls. The design allowed for evaluation of adiponectin levels, obesity- and lipid-related indices at a single point in time. 

2.4 Subjects Selection Criteria 

2.4.1 Inclusion criteria
The study included volunteers aged 18 years and above, both male and female, who were living with HIV and undergoing antiretroviral therapy while apparently healthy HIV-seronegative individuals not on any medication and without any features of metabolic syndrome served as the control group.

2.4.2 Exclusion criteria
The exclusion criteria comprised individuals below 18 years of age, those with chronic diseases unrelated to HIV (such as cancer or chronic kidney disease), patients on medications other than antiretroviral therapy (ART), pregnant or lactating women, as well as individuals who were alcoholics or smokers.

2.5 Specimen Collection and Preparation
Blood specimens were collected from the antecubital fossa using of the subjects with the use of venipuncture technique into sterile, appropriately labeled sodium fluoride–potassium oxalate. The samples were centrifuged at 3,500 revolutions per minute for 5 minutes, after which the plasma was carefully aliquoted into sterile, labeled plain tubes and stored at 4 °C until laboratory analysis was conducted.

2.6 Laboratory Analysis
HIV statuses of the subjects were determined using Determine™ HIV-1/2 rapid test strip. Serum adiponectin was determined using ELISA technique, manufactured by ELK Biotechnology (ELK Biotechnology 2021).  Glucose concentration was determined using glucose oxidase method as described by Ekun et al. (2018). Estimation of total cholesterol by enzymatic method was done as described by Allain et al. (1974). Estimation of triglycerides by enzymatic method was done as described by Buccolo & David (1973). Estimation of high density lipoprotein cholesterol by enzymatic colourimetric method was carried out as described by Naito (1984). Determination of low-density lipoprotein-cholesterol was obtained by Friedewald Equation (Friedewald & Levy, 1972).

2.7	Measurement of Anthropometric Indices
Weight was measured by standard balance beam scale to the nearest 0.1 kg. Height, waist and hip circumference were measured to the nearest 0.1 cm with the use of diameter breast height tape (WHO, 2008). Waist to hip ratio was obtained by dividing the values of waist circumference by the value of hip circumference (WHO, 2008).
W/H = waist (cm) / hip (cm). 

While waist to height ratio, was obtained by dividing the value of waist circumference by the value of height (Alanzi et al., 2025). 

WHtR = Waist (cm) / Height (cm).

Body mass index was calculated as the ratio of body weight to the square of height. 

Body mass index was determined using weight in kilograms, (kg) divided by height (meters, m) squared (kg/m2) (WHO, 2017). 
Mathematically, BMI = Weight (kg) / Height² (m²). 

AVI was calculated as follows: {2 × WC (cm) 2 +0.7 × (WC (cm) – hip (cm)) 2} /1000 (Alanzi et al., 2025).

BRI was calculated as: 364.2 − 365.5 × (1 − [WC / 2] 2/ [0.5 × height2) (Hosseini et al., 2024). 

VAI was calculated as: 
VAI = (WC (cm) / [39.68 + (1.88 × BMI)] × (TG (mmol/L) / 1.03) × (1.31/ HDL (mmol/L)) in males.

VAI = (WC (cm) / [36.58+ (1.89 × BMI)] × (TG (mmol/L) / 0.81) × (1.52 / HDL (mmol/L)) in females (Hosseini et al., 2024). 

WWI was calculated by dividing a measurement of waist circumference by the square root of weight (Cao et al., 2024).

RFM calculated using a formula that incorporates height and waist circumference, with adjustments for sex. The formula is: 64 - (20 x height / waist circumference) + (12 x sex), where sex is 0 for males and 1 for females (Hosseini et al., 2024).


2.8 Determination of Atherogenic Indices

CRI = TC/HDL− C (Hosseini et al., 2024)

CRII = LDL− C/HDL−C (Hosseini et al., 2024).  

TyG index = ln [(Fasting Glucose (mg/dL) x Fasting Triglycerides (mg/dL)) / 2] (Hosseini et al., 2024).

TyG-BMI is obtained by multiplying the TyG index by the Body Mass Index (BMI).

TyG-BMI = TyG index x BMI (Hosseini et al., 2024). 

CMI = TG/ HDL-C × WHtR (Tang et al., 2024). 

LAP was obtained from waist circumference and triglyceride levels. 
For men, the formula is LAP = (WC [cm] - 65) x TG [mmol/L] (Hosseini et al., 2024). For women, the formula is LAP = (WC [cm] - 58) x TG [mmol/L] (Hosseini et al., 2024).


2.9 Statistical Analysis
Statistical package for the social science (SPSS) version 26.0 was used to expressed results in Mean ±SD. Student t test was used to determine significance of difference between groups, set at p < 0.05.

3.0 RESULTS

3.1: Baseline Characteristics of the Study Participants
In this study, a total of 39 HIV-negative volunteers, comprising both males and females aged 25–35 years, were recruited as controls. The HIV-positive group consisted of 50 participants receiving antiretroviral therapy (ART), aged 27–53 years. At the time of the study, ART-naïve HIV-positive individuals could not be recruited. Participants were categorized based on sociodemographic characteristics, including educational attainment and employment status.
Among the HIV-negative participants, 9 individuals (10.1%) had completed secondary education, while 30 (33.7%) had attained tertiary education. In the HIV-positive group, 4 participants (4.5%) had primary education, 18 (22.5%) had secondary education, and 28 (31.5%) had tertiary education. Regarding employment status, 30 participants (33.7%) in the control group were employed, compared with 35 participants (39.3%) in the HIV-positive group.
None of the participants in either group reported cigarette smoking. With respect to physical activity, 15 participants (16.9%) in the control group and 25 participants (28.1%) in the HIV-positive group were physically active. Alcohol consumption was reported by only 4 participants (5.0%) in the HIV-positive group. All HIV-infected participants were receiving a combination antiretroviral therapy regimen consisting of tenofovir, lamivudine, and dolutegravir.

Table 1: Baseline Characteristics of the Study Participants
	Variables
	HIV-Negative
(Control)
Proportion (%)

	HIV- Participants
on ART
	HIV-Positive Naïve 

	Total Number of participants
(n=89)

	39 (43.8%)
	50 (56.2%)

	Nil

	Sex
	
	
	Nil

	Male
	19 (21.3%)
	20 (22.5%)

	Nil

	Female
	20 (22.5%)
	30 (33.7%)

	Nil

	Age Range
Mean Age
	25-35
32.10±3.39
	27-53
41.38±8.6
	Nil
Nil

	Educational Level
	
	
	Nil

	Primary
	0 (0.0%)
	4 (4.5%)
	Nil

	Secondary
	9 (10.1%)
	18 (22.2.5%)
	Nil

	Tertiary
	30 (33.7%)
	28 (31.5%)
	Nil

	Work
	
	
	Nil

	Yes
	30 (33.7%)
	35 (39.3%)

	Nil

	No
	9 (12.5%)
	15 (18.7%)
	Nil

	Exercise
Not Exercising
	15 (16.9%)
20 (22.1%)
	25 (28.1%)
25 (28.1%)
	Nil
Nil

	Smokers
	0 (0%)
	0 (0%)
	Nil

	Alcoholics
	NA
	4 (8%)
	Nil

	HIV Sero-Positive
	Nil
	50 (56.2%)
	Nil

	ART Drugs
	NA
	Tenofovir/Lamivudine/Dolutegravir
	Nil

	Duration of ART Intake
	NA
	
	Nil

	1-5
	NA
	30 (60%)
	Nil

	6-10
	NA
	12 (24%)
	Nil

	11-15
	NA
	4 (8%)
	Nil

	Adherent to ART Treatment
	
	50 (100%)
	Nil

	Recreational Drug
	NA
	NA
	Nil

	Other drugs
	NA
	4 (5%)
	Nil




3.2 Results of Anthropometric Indices
The HAART group was significantly older than the control group (41.36 ± 8.60 vs. 32.10 ± 3.39 years; p < 0.001). Although body weight did not differ significantly between groups (p = 0.815), HIV-negative subjects were significantly taller than HAART subjects (166.73 ± 3.47 vs. 161.86 ± 5.82 cm; p < 0.001).
Waist circumference was comparable between the two groups (p = 0.524); however, hip circumference was significantly lower in the HAART group compared with controls (96.02 ± 4.90 vs. 99.40 ± 11.07 cm; p = 0.033). Body mass index (BMI) showed no significant difference between HAART subjects and controls (25.32 ± 2.87 vs. 25.84 ± 2.00 kg/m²; p = 0.381).
Indices of central adiposity were significantly higher among HAART subjects. Waist-to-hip ratio (0.91 ± 0.03 vs. 0.88 ± 0.03; p = 0.012) and waist-to-height ratio (0.54 ± 0.04 vs. 0.51 ± 0.04; p = 0.042) were significantly elevated in the HAART group. Similarly, body roundness index (8.72 ± 0.69 vs. 6.66 ± 0.70; p = 0.001), visceral adiposity index (0.92 ± 0.40 vs. 0.76 ± 0.93; p < 0.001), and weight-adjusted waist index (8.30 ± 0.51 vs. 5.55 ± 0.51; p = 0.001) were significantly higher in HAART subjects compared with controls. Relative fat mass did not differ significantly between the two groups (p = 0.997).
Blood pressure parameters were significantly higher among HAART subjects, with increased systolic pressure (128.98 ± 16.97 vs. 117.60 ± 5.34 mmHg; p = 0.001) and diastolic pressure (88.00 ± 10.84 vs. 74.13 ± 6.31 mmHg; p < 0.001) compared with HIV-negative controls. Table 2 shows the comparison of anthropometric indices between HIV-positive subjects on HAART and HIV-negative controls
Table 2 Results of Anthropometric Indices between HAART-Subjects and HIV-Negative Subjects
	Parameter
	HAART
(n=50)

	Control
(n=39)
	p-value
	Remark

	Age (Yrs)
	41.36±8.6
	32.10±3.39
	<0.001
	S


	Weight (kg)
	69.24±8.6
	71.73±7.10
	0.815
	NS


	Height (cm)
	161.86±5.82
	166.73±3.47
	<0.001
	S


	Waist (cm)
	87.52±5.47
	86.56±7.84
	0.524
	NS


	Hip (cm)
	96.02±4.90
	99.4±11.07
	0.033
	S


	BMI (Kg/m2)
	25.32±2.87
	25.84±2.00
	0.381
	NS


	WHR
	0.91±0.03
	0.88±0.03
	0.012
	S


	WHtR
	0.54±0.037
	0.51±0.04
	0.042
	S


	BRI
	8.72±0.69
	6.66±0.70
	0.001
	S


	VAI
	0.92±0.40
	0.76±0.93
	0.00008
	S


	WWI
	8.30±0.51
	5.55±0.51
	0.001
	S


	RFM
	41.27±12.11
	40.88±5.72
	0.9972
	NS


	SP (mmHg)
	128.98±16.97
	117.60±5.34
	0.001
	S


	DP (mmHg)
	88±10.84
	74.13±6.31
	<0.001
	S



Keys: WHR: Waist to hip ratio, WHtR: Waist to hip ratio, BMI: Body Mass Index, VAI: Visceral Adiposity Index, AVI: Abdominal Volume Index, RFM: Relative Fat Mass Index, BRI: Body Roundness Index, WWI: Weight-Adjusted Waist Index SP: Systolic Pressure, DP: Diastolic pressure, NS: Non Significant (P>0.05), S: Significant (P<0.05)	Comment by 917801841171: Its "Waist to Height Ratio" 

3.3 Results of Adiponectin, Glucose, and Lipid Profile
Serum adiponectin levels were comparable between HAART subjects and controls (16.70 ± 4.49 vs. 17.11 ± 4.66 ng/mL), with no statistically significant difference (p = 0.184). Similarly, fasting glucose concentrations did not differ significantly between the two groups (4.57 ± 0.56 vs. 4.40 ± 0.49 mmol/L; p = 0.460). No significant differences were observed in lipid parameters between HAART-treated subjects and HIV-negative controls. Total cholesterol levels were similar in both groups (4.31 ± 0.44 vs. 4.38 ± 0.45 mmol/L; p = 0.511), as were triglyceride concentrations (1.89 ± 0.46 vs. 1.79 ± 0.46 mmol/L; p = 0.371). High-density lipoprotein cholesterol (HDL-C) showed no significant variation between groups (1.39 ± 0.20 vs. 1.44 ± 0.29 mmol/L; p = 0.461), and low-density lipoprotein cholesterol (LDL-C) levels were also comparable (2.01 ± 0.47 vs. 2.07 ± 0.53 mmol/L; p = 0.503). Table.3 presents the results of adiponectin, fasting glucose, and lipid profile between HIV-positive subjects on HAART and HIV-negative controls.

Table 3: Results of Adiponectin with Glucose and Lipid Profile between HAART-Subjects and HIV-Negative Subjects 
	Parameter
	HAART
(n=50)

	Control
(n=39)
	p-value
	Remark

	Adiponectin (ng/mL)
	16.70±4.49
	17.11±4.66
	0.184
	NS

	
Glucose (mmolL)
	
4.57±0.56
	
4.4±0.49
	
0.460
	
NS

	
TC (mmol/L)
	
4.31±0.44
	
4.38±0.45
	
0.511
	
NS

	
TG (mmol/L)
	
1.89±0.46
	
1.79±0.46
	
0.371
	
NS

	
HDL-C (mmol/L)
	
1.39±0.20
	
1.44±0.29
	
0.461
	
NS

	
LDL-C (mmol/L)
	
2.01±0.47
	
2.07±0.53
	
0.503
	
NS


Keys: TC: Total cholesterol, TG: Triglycerides, HDL-C: High Density Lipoprotein-Cholesterol, Low density lipoprotein-Cholesterol
3.4: Results of Comparison of Atherogenic Indices between HIV-positive and HIV-Negative Subjects
The triglyceride-to-HDL cholesterol ratio (TG/HDL) did not differ significantly between the HAART group and controls (1.36 ± 0.45 vs. 1.29 ± 0.47; p = 0.467). Similarly, Castelli Risk Index I (3.08 ± 0.64 vs. 3.20 ± 0.88; p = 0.261) and Castelli Risk Index II (1.48 ± 0.46 vs. 1.57 ± 0.73; p = 0.553) showed no significant differences between groups. The triglyceride–glucose (TyG) index (8.80 ± 0.29 vs. 8.72 ± 0.33; p = 0.234) and TyG-BMI (223.06 ± 27.87 vs. 225.68 ± 21.67; p = 0.661), were also comparable. Cardiometabolic index (0.73 ± 0.25 vs. 0.67 ± 0.25; p = 0.284) and atherogenic index of plasma (0.12 ± 0.13 vs. 0.08 ± 0.15; p = 0.334) did not show statistically significant differences between the two groups. However, lipid accumulation product (LAP) was significantly higher in HAART-treated HIV-positive subjects compared with HIV-negative controls (50.28 ± 16.93 vs. 46.35 ± 19.37; p = 0.044), indicating increased lipid accumulation among the HAART group. Table.4 summarizes the comparison of atherogenic and cardiometabolic indices between HIV-positive subjects on HAART and HIV-negative controls.

Table 4: Results of Comparison of Atherogenic Indices between HIV-positive and HIV-Negative Subjects 
	Parameter
	HAART
(n=50)

	Control
(n=39)
	p-value
	Remark

	
TG/HDL
	
1.36±0.45
	
1.29±0.47
	
0.467
	
NS

	
CRI-1
	
3.08±0.6378
	
3.20±0.88
	
0.261
	
NS

	
CRI-2
	
1.48±0.46
	
1.57±0.73
	
0.553
	
NS

	
TyG
	
8.80±0.29
	
8.72±0.33
	
0.234
	
NS

	
TyG-BMI
	
223.06±27.87
	
225.68±21.67
	
0.661
	
NS

	
CMI
	
0.73±0.25
	
0.67±0.25
	
0.284
	
NS

	
AIP
	
0.12±0.13
	
0.08±0.15
	
0.334
	
NS

	
LAP
	
50.282±16.93
	
46.35±19.37
	
0.044
	
S


Keys: CRI-1: Castelli Risk Index 1, CRI-2 Casterlli Risk Index-2, TyG; Triglcerides-Glucose, TyG-BMI: Triglycerides-Glucose- Body Mass Index, CMI: Cardiometabolic Index, AIP: Atherogenic Index Plasma, LAP: Lipid Accumulation Product: NS: Non Significant (P>0.05), S: Significant (P<0.05).

5.0 DISCUSSION
The study evaluated anthropometric indices, adiponectin concentration, glucose, lipid profiles, and atherogenic risk indices in HIV-positive subjects receiving HAART at Rivers State University Teaching Hospital compared with HIV-negative controls. The results provide insight into the metabolic and cardiovascular states of HIV patients on HAART at Rivers State University Teaching Hospital, Port Harcourt, Nigeria.
Investigations of anthropometric indices and blood pressure showed that HAART-treated participants demonstrated significant differences in several anthropometric indices compared with HIV-negative controls.  The mean BMI of the HIV-positive HAART group did not differ significantly from the control group. This finding aligns with previous studies of Ademuyiwa et al. 2022; Parkeer et al. (2023), Carrillo-Larco et al. (2024), and Hill et al. (2024), who reported no significant differences in BMI between HIV-infected and HIV-negative individuals. This indicated that antiretroviral therapy did not markedly influence overall body mass in their study population. Feigl et al. (2016) reported that increased ART use attenuated prior BMI deficits, producing statistically significant differences in BMI trajectories between HIV-infected subjects on ART and HIV-negative groups. Pantazis et al. (2024) reported that results vary by region, sex, baseline BMI, ART regimen, and follow-up duration. In contrast, Lam et al. (2024) and Korthe et al. (2016) observed significant increase in BMI among HIV-positive subjects following HAART administration.
Waist-to-hip ratio is an established anthropometric index that reflects the ratio of waist circumference to hip circumference and serves as a reliable indicator of central adiposity (Ashwell & Gibson, 2016). WHR has been reported to be a more precise predictor of cardio-metabolic risk than BMI alone (Damala et al., 2018). In the present study, the mean WHR was significantly elevated in HIV-infected individuals receiving HAART compared to the control group. Some smaller studies have similarly reported comparable or slightly higher WHR in HIV-ART recipients relative to controls, with observed variations influenced by sex, therapy duration, and ART regimen (Hirigo et al., 2025). Conversely, other studies have documented lower waist and hip circumferences among HAART recipients (Brown et al., 2009; Nell et al., 2015), while Williams et al. (2021) found no significant difference in WHR between HIV-HAART participants and controls.
Abdominal volume index (AVI) is a measure that reflects total abdominal volume and provides an estimate of visceral fat content (Alanazi et al., 2025). In the present study, no significant difference in AVI was observed between HIV-HAART participants and the control group. Few studies have compared AVI between HIV-infected and HIV-uninfected populations, highlighting the need for further investigation.
Body roundness index is a recently developed anthropometric index designed to predict both total body fat and visceral adipose tissue percentage (Rico-Martín et al., 2020). Limited research has evaluated the predictive utility of BRI for cardiovascular disease (CVD) and its risk factors, though existing studies indicate that BRI demonstrates good discriminative power for diabetes and CVD risk (Tian et al., 2016). In our study, comparison between HIV-HAART participants and HIV-negative controls revealed a significantly higher mean BRI in the HIV-HAART group
Visceral Adiposity Index (VAI) has been proposed as a useful tool for early detection of a condition of cardio-metabolic risk (Amato et al., 2014). The application of the VAI in particular populations of patients has produced interesting results, which have led to the hypothesis that the VAI could be considered a marker of adipose tissue dysfunction. However, in some cases, on the same patient population, there is conflicting evidence (Amato et al., 2014). 

Visceral adipose tissue accumulation was a common feature of HIV-associated lipodystrophy in patients receiving older-generation protease inhibitors, and this accumulation was often accompanied by elevated, dyslipidemia, and increased risk of cardiovascular (Palella et al., 2016). Significantly increased mean value of VAI in HIV-HAART than the control was observed. 
The Weight-Adjusted Waist Index (WWI) is an emerging anthropometric indicator of obesity, calculated as waist circumference divided by the square root of body weight (Cao et al., 2024). This index provides insight into age-related changes in body composition, including loss of muscle mass and retention or accumulation of fat mass (Kim et al., 2021). In the present study, HIV-HAART participants demonstrated significantly higher WWI compared to apparently healthy controls.
Relative fat mass (RFM) is another recently developed measure of adiposity that more accurately estimates whole-body fat percentage compared to traditional BMI or WHR  equations (Suthahar et al., 2022). In this study, RFM was significantly higher in HIV-HAART participants compared to controls.
Furthermore, both systolic and diastolic blood pressures were significantly higher among the HAART group, suggesting an increased risk of hypertension. Prevalence studies have reported high rates of hypertension among HIV-infected individuals on HAART, with Fiseha et al. (2019) documenting elevated blood pressure in Northeast Ethiopia and Harimenshi et al. (2022) reported 20% prevalence in Burundi. Denu et al. (2024) similarly indicated that hypertension is common among ART-treated HIV patients, with traditional risk factors including age ≥50 years, elevated BMI, and comorbidities, while HIV-specific factors were not significantly associated. Nduka et al. (2016) also observed that HAART exposure is significantly associated with elevated systolic and diastolic pressures, irrespective of sociodemographic differences.
Analysis of plasma glucose concentrations revealed no significant difference between HIV-HAART participants and controls, consistent with findings by Sacilotto et al. (2021). In contrast, Maganga et al. (2015) reported elevated plasma glucose levels among HIV-ART participants compared to controls. However, the proportion of HIV-infected patients on ART who develop hyperglycemia remains relatively small. For example, Zhang et al. (2018) reported a diabetes prevalence of 2.62 per 100 persons among 1,415 people living with HIV/AIDS in a Chinese multicenter trial, while Luna (2018) reported a prevalence of 7%.
In our analysis of lipid profiles, the mean values of total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and the TG/HDL ratio did not differ significantly between HIV-infected participants receiving antiretroviral therapy (ART) and healthy controls, with all values remaining within the normal range. These findings are consistent with previous reports by Sacilotto et al. (2021) and Devaki et al. (2022), who also observed TC and HDL-C within normal limits. Similarly, Zhou et al. (2015) reported normal lipid levels in HIV-infected populations. In contrast, Zephy (2015) documented significantly elevated total cholesterol among HIV-HAART participants, suggesting that the impact of ART on lipid profiles may vary according to the specific regimen and duration of therapy. In the present study, participants were receiving a combination of tenofovir, lamivudine, and dolutegravir (TLD).
The absence of significant dyslipidemia may also reflect dietary and clinical interventions adopted by HIV patients to mitigate HAART-related metabolic disturbances. Nonetheless, the slightly lower HDL-C and higher triglycerides in HAART recipients, though not significant, could indicate early signs of metabolic alteration
No statistically significant differences were observed in serum adiponectin, fasting glucose, or lipid profile (TC, TG, HDL-C, LDL-C) between HAART and control groups. This finding is in concordance with Sacilotto et al. (2021) report. The absence of significant dyslipidemia may also reflect dietary and clinical interventions adopted by HIV patients to mitigate HAART-related metabolic disturbances. Nonetheless, the slightly lower HDL-C and higher triglycerides in HAART recipients, though not significant, could indicate early signs of metabolic alteration.
The mean adiponectin plasma concentrations did not differ significantly between HIV-ART participants and healthy controls (p>0.05). The control group's adiponectin levels were consistent with findings reported by Ndombi et al. (2015) in Kenya but differed from the lower concentrations observed by Garuba et al. (2025) in HIV-infected subjects. The lack of significant difference in adiponectin between groups contrasts with Kalyanasundaram et al. (2015), who reported decreased adiponectin in HIV-ART participants relative to controls. This discrepancy may be attributable to differences in ART regimen, lifestyle factors, and dietary modifications that influence adiponectin levels (Rahman et al., 2022).
Atherogenic indices were also evaluated in this cohort. Castelli risk index I, casteli risk index II, TC/HDL-C ratio and LDL-C/HDL-C ratio were determined, no significant differences were observed in the mean values of CRI-I and CRI-II between HIV-HAART participants and controls, consistent with Lumu et al. (2023). Prior reports indicate that CRI-I and CRI-II may be elevated in HIV-treated individuals, particularly with older ART regimens (Kamoru et al., 2017).
The atherogenic index of plasma, calculated as the logarithm of the molar ratio of triglycerides to HDL-C, did not differ significantly between HIV-HAART participants and healthy controls. AIP is a well-recognized surrogate marker of cardiovascular risk, reflecting the balance between pro- and anti-atherogenic lipoproteins (Zhu et al., 2018). Although dyslipidemia is a common metabolic complication of ART particularly with protease inhibitor–based regimens that elevate TG and reduce HDL-C (Feeney et al., 2019) newer ART regimens, including integrase inhibitors and tenofovir-based combinations, appear to exert less pronounced effects on lipid metabolism. 
The Triglyceride-Glucose index, derived from fasting TG and glucose concentrations, serves as a validated surrogate marker of insulin resistance and a predictor of type 2 diabetes and cardiovascular disease (Zhao et al., 2020). In this study, TyG values did not differ significantly between HIV-ART participants and controls. Evidence suggests that modern ART regimens, including integrase inhibitors and tenofovir-based therapies, may have neutral or even protective effects on glucose and lipid metabolism (Erlandson et al., 2018).
The TyG-BMI index, which integrates TG, fasting glucose, and BMI, is a composite marker of insulin resistance and cardiometabolic risk (Lambrinoudaki et al., 2018). No significant differences in TyG-BMI were observed between HIV-HAART participants and controls, or between male and female HIV-ART subjects.
The Cardiometabolic Index, calculated as the TG/HDL-C ratio multiplied by waist-to-height ratio, is a surrogate marker of visceral adiposity, insulin resistance, and cardiovascular risk (Liu et al., 2014). CMI values did not differ significantly between HIV-HAART participants and controls. Despite prior reports linking protease inhibitor–based ART to central fat redistribution and dyslipidemia, our findings suggest that contemporary regimens may exert neutral effects on adiposity and lipid metabolism (Erlandson et al., 2018).
Lastly, the lipid accumulation product, calculated from waist circumference and fasting triglyceride levels, was significantly elevated in HIV-HAART participants compared to controls. LAP provides a powerful indicator of central lipid accumulation, insulin resistance, and cardiometabolic risk (Yang et al., 2022). The value was significantly higher in the HIV-positive subjects on HAART than the control.

LIMITATION: The small sample size and absence of HIV-naïve participants may cause bias.
CONCLUSION
Serum adiponectin and most metabolic parameters, showed no significant difference between the HIV-participants on HAART and the control, certain adiposity-related indices, LAP, VAI, BRI, and WWI were elevated in HIV-infected individuals on HAART, suggesting potential subclinical metabolic risk. Continuous monitoring of metabolic parameters among HIV patients on HAART is recommended, and further large-scale studies are warranted among people living with HIV in Port Harcourt.
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