



Original Research Article

Utility of Plasma Level of Macromolecules to Predict Dysmetabolism and Energy Imbalance Among Individuals Living with HIV at Nnewi, Nigeria



ABSTRACT

Introduction: HIV infection is well-documented to disrupt normal metabolic processes and elevate energy demands, with these effects becoming more pronounced as the disease advances. The present investigation measured circulating concentrations of Nicotinamide Adenine Dinucleotide (NADH), Flavin Adenine Dinucleotide (FAD), Acetyl-CoA (ACA), and Adenosine Diphosphate (ADP) in a cohort of HIV-positive individuals.

Methods: A longitudinal, prospective case-controlled design was adopted, enrolling 77 HAART-naive, HIV-seropositive adults (aged 18–60 years) attending the antiretroviral treatment clinic at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, Nigeria, alongside 36 HIV-seronegative healthy volunteers serving as controls. NADH, FAD, ACA, and ADP concentrations were quantified using enzyme-linked immunosorbent assay (ELISA), and overall energy balance was estimated through a validated mathematical formula. All data were analyzed with SPSS version 23.0.
Results: ACA and NADH concentrations were significantly reduced (P<0.05) in HIV-infected individuals (both HAART and Naïve groups) regardless of treatment status relative to controls. ADP and FAD levels were additionally depressed (P<0.05) in patients who had completed 12 months of HAART compared with both the pre-treatment HIV cohort and healthy controls. Calculated energy balance scores were markedly lower (P<0.05) across all HIV groups versus controls, with post-treatment patients recording the greatest significantly energy deficit compared to their treatment-naive counterparts.
Conclusion:  Statistically significant alterations in key metabolic macromolecules among HIV subjects—both prior to and during antiretroviral therapy suggests metabolic disruption. These findings indicate that circulating levels of NADH, ADP, ACA, and FAD hold promise as accessible biomarkers for detecting early energy deficits and guiding nutritional or therapeutic interventions in HIV-infected populations.
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1. INTRODUCTION
Human immunodeficiency virus (HIV) is a lentiviral pathogen responsible for acquired immunodeficiency syndrome (AIDS) (Weiss, 1993; Douek et al., 2009). A defining feature of HIV pathobiology is its capacity to progressively erode host immune defenses through unchecked viral replication within susceptible cells (Ifeanyichukwu et al., 2011; Osuji et al., 2018). Without timely clinical intervention to curb viral proliferation, this immunological deterioration ultimately evolves into frank AIDS (Ifeanyichukwu et al., 2011, Ezugwu et al., 2021).

Sub-Saharan Africa continues to bear a disproportionate share of the global HIV burden (UNAIDS, 2019), and despite intensified preventive campaigns and investigational efforts (Onyenekwe et al., 2008; Ezugwu et al., 2015, 2021; Osuji et al., 2018), the virus remains a primary driver of morbidity and mortality among Nigerian adults and adolescents (Ifeanyichukwu et al., 2011; UNAIDS, 2011; NACA, 2012).

HIV infection accelerates basal metabolic rate and elevates overall energy expenditure, typically manifesting as lean tissue wasting. These metabolic demands escalate proportionally with disease progression (WHO, 2005). Numerous investigations have documented elevated resting energy expenditure in HIV-seropositive individuals (Melchior et al., 1991; Grunfeld et al., 1992; Derek et al., 1995; Grinspoon et al., 1998; WHO, 2005; Kosmiski, 2011). Cellular energy requirements are ultimately met through the oxidative breakdown of dietary macronutrients (Rodriguez et al., 2024). This bioenergetic process—termed energy expenditure (EE)—entails the combustion of carbohydrates, lipids, and proteins, consuming molecular oxygen (O2) while generating carbon dioxide (CO2) (Rahman et al., 2021). A fraction of the liberated chemical energy is dissipated as heat or excreted in urine; the remainder is captured within high-energy adenosine triphosphate (ATP) molecules synthesized through glycolytic, amino acid, and beta-oxidation pathways (Marchi et al., 2023).
2. MATERIAL AND METHODS
The study was conducted at the antiretroviral disease treatment centre of Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, Anambra State, Nigeria.
2.1 Study Design
A longitudinal, prospective case-controlled framework was employed. Participants were selected by random sampling, whereby every eligible individual had an equal probability of enrolment. Newly confirmed HIV-positive subjects were followed from the point of diagnosis through treatment initiation and for up to 12 months thereafter.

2.2 Study Population

Group 1 (Test Subjects): Seventy-seven (77) newly diagnosed, HAART-naive HIV-seropositive adults (30 males, 47 females; aged 18–60 years) attending the NAUTH antiretroviral clinic were enrolled prior to commencing antiretroviral treatment. Participants were subsequently followed through treatment initiation and monitored for 12 months; 49 individuals (20 males, 29 females) completed the follow-up period.

Group 2 (Control Subjects): Thirty-six (36) apparently healthy HIV-seronegative volunteers of both sexes were recruited as the reference cohort.

2.2.1 Inclusion Criteria

Eligible participants were male or female adults aged 18–60 years. HIV-positive subjects were required to be treatment-naive at enrolment and willing to be followed for a minimum of 12 months following treatment commencement.

2.2.2 Exclusion Criteria

Control participants with a documented history of any chronic illness, including HIV, diabetes mellitus, or other systemic conditions, were excluded. HIV-positive test subjects with co-existing chronic conditions—such as diabetes, hypertension, or tuberculosis—were similarly excluded. Pregnant women were excluded from both study arms.

2.2.2 Limitation of Study

The study is limited to HIV subjects only with no comorbidity of any disease condition. Out of 77 HIV Sero positive individuals newly diagnosed, it was 49 of the subjects that was able to be accessed after 12 months of treatment with highly active antiretroviral therapy (HAART)
2.3 Blood Sample Collection

Six millilitres (6 mL) of venous blood were collected under aseptic fasting conditions from each participant via standard venipuncture into heparinized collection tubes. Samples were centrifuged at 3,500 rpm for 10 minutes; the separated plasma was aliquoted into two portions for analyte measurement. All specimens were stored at −20°C or −80°C until analysis.
2.4 Laboratory Facility
Biochemical analyses were performed at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Anambra State, Nigeria.
2.5 Analytical Methods 

Plasma NADH was quantified by enzyme-linked immunosorbent assay (ELISA) following the protocol of Castro-Marrero et al., (2015). FAD levels were determined by ELISA according to Vinckier et al., (2020). Acetyl-CoA (ACA) was measured by ELISA as described by Pietrocola et al., (2015), and ADP was estimated by ELISA based on the method of Perez-Ruiz et al., (2003).

Energy Balance was Calculated Mathematically Using the Equation: Energy Balance = Rate of Energy Intake (EI)/Energy Storage − Rate of Energy Expenditure (EE) (Hand et al., 2013). The conversion factors applied were: each mole of NADH yields the equivalent of 3 ATP; FAD yields 2 ATP; and ACA yields 12 ATP through the Krebs cycle and electron transport chain. Two ADP and two GDP molecules are consumed per Krebs cycle turn (totaling 4 ADP equivalents). Accordingly: Total ATP (Energy Stored) = (ACA × 12) + (FAD × 2) + (NADH × 3); Total ADP (Energy Consumed) = (ADP × 4); Energy Balance = [(ACA × 12) + (FAD × 2) + (NADH × 3)] − (ADP × 4).

2.6 Statistical Analysis
Data were analyzed using SPSS version 23.0. Independent-samples t-tests were employed to compare means between two groups, while one-way ANOVA with post hoc multiple comparisons was used to evaluate inter-group differences across three groups. All results are reported as mean ± standard deviation (M ± SD), with statistical significance defined at P < 0.05.

3. RESULTS AND DISCUSSION
Plasma concentrations of ADP, FAD, ACA, and NADH across the control, pre- HIV treatment, and post- HIV treatment groups are presented in Tables 1 and 2.

Table 1. Plasma Macromolecule Concentrations in Control, Pre- HIV treatment, and 12-Month Post- HIV treatment Groups
	PARAMETERS 
	CONTROL

  (N = 36)
	Pre- HIV TREAMENT

(N = 77)
	12 Months Post-HIV 

TREAMENT

(N = 49)
	F – Value
	        P – Value

	ADP (nmol/l)


	1036.7+380.1
	1027.2+333.8 b
	738.7+205.0a
	18.85
	0.001

	FAD (ng/ml)


	1.49+0.57
	1.35+0.4 b
	0.77+0.27a
	24.40
	0.001

	ACA (ng/ml)


	23.5+7.5
	17.1+2.7a, b
	10.9+3.4a
	78.62
	0.001

	NADH (ng/ml)


	2.1+0.8
	1.73+0.5a, b
	1.25+0.3a
	22.11
	0.001


Keys: P significant at <0.05. a = significant HIV groups vs. control group; b = significant Pre-HIV treatment group vs. 12-month post-treatment group. ADP = Adenosine Diphosphate; FAD = Flavin Adenine Dinucleotide; ACA = Acetyl-CoA; NADH = Nicotinamide Adenine Dinucleotide.
Table 2. Calculated Energy Balance from Plasma Macromolecules Across Study Groups
	PARAMETER 
	CONTROL

  N = 36
	Pre- HIV-TREAMENT

  N = 77
	12 Months Post -                                HIV -TREAMENT

N = 49                
	  F-Value


	     P-Value


	
	

	ENERGY BAL. (kcal)
	2133.33+673.28
	 1562.89±254.33a, b
	  993.42+ 305.06 a, b 
	 80.499
	 0.001
	
	

	
	
	
	
	
	
	
	


Keys: P significant at <0.05. kcal = kilocalories; a = significant HIV groups vs. control group; b = significant Pre-HIV treatment group vs. the other HIV treatment group.
Discussion

This study investigated the utility of four key metabolic macromolecules—Adenosine Diphosphate, Flavin Adenine Dinucleotide, Acetyl-CoA, and Nicotinamide Adenine Dinucleotide—as indicators of bioenergetic status in HIV-positive individuals, both before and during antiretroviral treatment.

Plasma ACA and NADH concentrations were significantly reduced in HIV-infected individuals irrespective of treatment status compared with healthy controls (P<0.05). This suppression is consistent with the metabolic disturbances’ characteristic of HIV infection, wherein accelerated catabolism and elevated energy utilization deplete critical high-energy intermediates. ACA, FAD, and NADH are all central products of glycolysis, fatty acid beta-oxidation, and the citric acid cycle; their depletion in HIV subjects reflects a state of heightened metabolic demand outpacing substrate supply. The energy equivalence of these molecules—ACA contributing 12 ATP equivalents, NADH three, and FAD two—underscores the magnitude of the bioenergetic loss observed. Such deficits can reasonably be attributed to reduced dietary energy intake, diminished storage capacity, and perturbed intermediary metabolism driven by viral pathophysiology. Progressive loss of lean body mass and negative nitrogen balance under these conditions are recognized accelerants of AIDS progression and are associated with increased mortality risk. These observations align with earlier reports by Onyango et al., (2009, 2012) documenting energy depletion and heightened expenditure in HIV cohorts.

In HIV infection, enhanced lipid oxidation is well-recognized, resulting in the preferential consumption of FAD as an electron carrier during beta-oxidation—a pathway upregulated to meet the organism's increased energy demands. This pattern of hypermetabolism is corroborated by Hommes et al., (1991), Sharpstone et al., (1996), Corcoran and Grinspoon (1999), Macallan (1999, 2001), and Pernerstorfer-Schoen et al., (1999), all of whom reported elevated energy expenditure in HIV, with estimated energy requirement increases of 20–30% above baseline to maintain body weight.

The sustained depression of ADP in post-treatment patients even after 12 months of HAART therapy indicates a residual energy deficit persisting beyond viral suppression. This finding suggests that successful virologic control does not fully normalize metabolic function in the short to medium term.

Calculated energy balance scores derived from the macromolecule panel were significantly lower in both HIV groups compared with controls (P<0.05), with post-treatment subjects exhibiting the most pronounced deficit. The observation that energy consumed (reflected by ADP utilization) exceeded energy stored (reflected by ATP equivalents from ACA, NADH, and FAD) corroborates a state of chronic negative energy balance—a well-established driver of wasting and immune deterioration in HIV disease.

Despite meaningful advances in HIV management through HAART, persistent weight loss, tissue wasting, and negative energy balance continued to characterize patients in this cohort even after 12 months of therapy. These results extend and support prior work by Shevitz et al., (1999) and Fitch et al., (2009) on energy expenditure dynamics under antiretroviral treatment regimens
4. CONCLUSION
The findings of this study demonstrate that reduced plasma concentrations of FAD, ACA, and NADH in HIV-infected individuals are coupled with metabolic dysregulation and elevated energy expenditure, particularly evident in the early clinical phase. Furthermore, the consistently negative energy balance—where energy expenditure (ADP) outstrips available energy stores (ATP)—confirms a state of bioenergetic insufficiency in both treatment-naive and HAART-treated HIV patients. This chronic energy deficit fuels nutritional deterioration, wasting, and lean mass loss, thereby contributing to disease advancement. While this negative energy balance was most pronounced before treatment initiation, it persisted—albeit at a reduced level—after 12 months of HAART. Taken together, these findings support the utility of plasma FAD, ACA, and NADH as clinically accessible biomarkers for the early detection of energy deficit and the guidance of nutritional management strategies in HIV-infected populations.

CONFLICT OF INTEREST:

Authors have declared that no competing interests exist. The products used for this research are commonly and predominantly use products in our area of research and country. There is absolutely no conflict of interest between the authors and producers of the products because we do not intend to use these products as an avenue for any litigation but for the advancement of knowledge.
CONSENT

Informed consent was sought from all subjects before recruitment into the study. 

ETHICAL CONSIDERATION

Ethical approval was sought from ethics committee of Nnamdi Azikiwe University Teaching Hospital (NAUTH), with reference number NAUTH/CS/VOL.11/195/2018/129.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.

REFERENCES

1. Castro-Marrero, J., Cordero, M.D., Segundo, M.J., Saez-Francas, N., Calvo, N., Roman-Malo, L., Aliste, L., Fernandez De Sevilla, T & Alegre, J. (2015). Does oral coenzyme Q10 plus NADH supplementation improves fatigue and biochemical parameters in chronic fatigue syndrome, Antioxidant and Redox Signaling, 22(18): 679-685. https://doi: 10.1089/ars.2014.6181
2. Corcoran, C & Grinspoon, S. (1999). The Use of Testosterone in AIDS Wasting Syndrome. AIDS Clinical Care, 11: 33-34. 

3. Crenn, P., Benjamin, R., Jean-Jacques, R & Francois, T. (2004). Hyperphagia contributes to the normal body composition and protein-energy balance in HIV infected asymptomatic men. The Journal of Nutrition, 134(9): 2301-2306. https://doi: 10.1093/jn/134.9.2301.
4. Derek, M., George, G., Christine, B & Carole, N. (1995). Energy Expenditure and Wasting in Human Immunodeficiency Virus Infection. New England Journal of Medicine, 333(2): 83-88. https://doi:10.1056/NEJM199507133330202
5. Douek, D.C., Roederer, M & Koup, R.A. (2009). Emerging Concepts in the Immunopathogenesis of AIDS. Annual Review of Medicine, 60: 471–484. https://doi: 10.1146/annurev.med.60.041807.123549.
6. Ezugwu, U.M., Igbokwe, G.E., Okoye, O.J., Awalu, C.J & Chikezie, O.D. (2015). Modulation of α1 and β2 microglobulins, and albumin-globulin ratio in hiv sero-positive subjects on antiretroviral drugs at Nnewi, Nigeria. International Journal of Prevention and Treatment, 4(4): 59-65. https://doi:10.5923/j.ijpt.20150404.01

7. Ezugwu, U.M., Onyenekwe, C.C., Ukibe, N.R., Ahaneku, J.E., Onah, C.E., Obeagu, E.I., Emeje, P.I, Awalu, J.C & Igbokwe, G.E. (2021). Use of ATP, GTP, ADP and AMP as an Index of Energy Utilization and Storage in HIV Infected Individuals at NAUTH, Nigeria: A Longitudinal, Prospective, Case-Controlled Study. Journal of Pharmaceutical Research International, 33(47),78-84. https://hal.science/hal-05279877v1
8. Fitch, K.V., Guggina, L.M., Keough, H.M., Looby, S.E., Hadigan, C., Anderson, E.J., Hubbard, J., Liebau, J.G., Johnsen, S & Wei, J. (2009). Decreased respiratory quotient in relation to resting energy expenditure in HIV-infected and non-infected subjects. Metabolism,58: 608–615. https://doi:10.1016/j.metabol.2008.12.005.
9. Grinspoon, S., Corcoran, C., Miller, K., Wang, E., Hubbard, J., Schoenfeld, D., Anderson, E., Basgoz, N & Klibanski, A. (1998). Determinants of increased Energy expenditure in HIV infected Women. American Journal of Clinical Nutrition, 68(3): 720-725. https://doi:10.1093/ajcn/68.3.720 
10. Grunfeld, C., Pang, M., Shimizu, L., Shigenaga, J.K., Jensen, P & Feingold, K.R. (1992). Resting energy expenditure, caloric intake and short-term weight change in human immunodeficiency virus infection and the acquired immunodeficiency syndrome. American Journal of Clinical Nutrition, 55:455–60. https://doi:10.1093/ajcn/55.2.455 
11. Grunfeld, C & Feingold, K.R. (1992). Metabolic disturbances and wasting in the acquired immunodeficiency syndrome. New England Journal of Medicine, 327: 329-337. https://doi: 10.1056/NEJM199207303270506 
12. Hand, G.A., Shook, R.P., Paluch, A.E., Baruth, A. M., Crowley, E.P., Jaggers, J., Prasad, V., Hurley, T.G., Hebert, J.R & O'Connor, D. (2013). The Energy Balance Study: the design and baseline results for a longitudinal study of energy balance. Research Quarterly for Exercise and Sport, 84(3):1–12. https://doi:10.1080/02701367.2013.816224.
13. Hommes, M.J.T., Romijn, J.A., Godfried, M.H., Schattenkerk, J.K., Buurman, W., Endert, E & Sauerwein, H.P. (1990). Increased resting energy expenditure in human immunodeficiency virus-infected men. Metabolism 39: 1186–1190. https://doi:10.1016/0026-0495(90)90092-q.
14. Hommes, M.J.T., Romjin, J.A., Endert, E & Sauerwein, H.P. (1991). Resting energy expenditure and substrate oxidation in human Immunodeficiency virus (HIV) infected asymptomatic men: HIV affects host metabolism in the early asymptomatic stage. American Journal of Clinical Nutrition, 54: 311–315. https://doi:10.1093%2Fajcn%2F54.2.311&pii=S0002-9165(23)31806-9
15. Ifeanyichukwu, M., Onyenekwe, C.C., Ele, P.U., Ukibe, N.K., Meludu, S.C, Ezeani, M.C., Ezechukwu, C.C., Amilo, G.I and Umeanaeto, P.U. (2011). Evaluation of some cellular immune index in HIV infected participants. International Journal of Biological and Chemical Sciences. 5(3):1311–1313. 
16. Kosmiski, L. (2011) Energy expenditure in HIV infection. American Journal of Clinical Nutrition, 94(6):1677-1682.

17. Kosmiski, L.A., Kuritzkes, D.R., Lichtenstein, K.A., Glueck, D.H., Gourley, P.J., Stamm, E.R., Scherzinger, A.L & Eckel, R.H. (2011). Fat distribution and metabolic changes are strongly correlated and energy expenditure is increased in the HIV LD syndrome. AIDS, 15:1993–2000. https://doi:10.1097/00002030-200110190-00012
18. Macallan, D.C. (1999). Wasting in HIV infection and AIDS. Journal of Nutrition, 129(1): 8-42. https://doi:10.1093/jn/129.1.238S
19. Macallan, D.C. (2001). Metabolic syndrome in HIV infection. Hormone Research, 55: 36-41

20. Marchi, S., Guilbaud, E., Tait, S.W.G., Yamazaki, T., Galluzzi, L (2023). Mitochondrial control of inflammation. Nature Review Immunology, 23, 159–173. https://doi:10.1038/s41577-022-00760-x
21. Mataramvura, H., Bunders, M.J., Duri, K. (2023). Human immunodeficiency virus and antiretroviral therapy-mediated immune cell metabolic dysregulation in children born to HIV-infected women: potential clinical implications. Frontier in Immunology, 14:1182217. https://doi: 10.3389/fimmu.2023.1182217.

22. Melchior, J.C., Salmon, D., Rigaud, D., Leport, C., Bouvet, E., Detruchis, P., Vilde, J.L., Vachon, F., Couland, J. P & Apfelbaum, M. (1991). Resting energy expenditure is increased in stable, malnourished HIV-infected patients. American Journal of Clinical Nutrition, 53: 437–441.https://doi:10.1093/ajcn/53.2.437
23. National Agency for the Control of AIDS (NACA, 2012). Federal Republic of Nigeria, Global AIDS Response Country Progress Report Nigeria. https://www.unaids.org/sites/default/files/country/documents/Nigeria%202012%20GARPR%20Report%20Revised.pdf.

24. National HIV/AIDS indicator and impact survey (NAIIS, 2019). Technical report on the prevalence of HIV/AIDS in Nigeria. https://Users/hp/Downloads/NAIIS%20National%20Summary%20Sheet.pdf

25. Onyango A.C., Walingo,  M.K.,  Mbagaya, G &  Kakai, R.  (2012). Assessing Nutrient Intake and Nutrient Status of HIV Seropositive Patients Attending Clinic at Chulaimbo Sub-District Hospital, Kenya, Journal of Nutrition and Metabolism, 8: 1- 6. https://doi: 10.1155/2012/306530
26. Onyango., A. C., Walingo., M. K & Othuon, L. (2009). Food consumption patterns, diversity of food nutrients and mean nutrient intake in relation to HIV/AIDS status in Kisumu district Kenya. African Journal of AIDS Research, 8(3): 359–366. https://doi: 10.2989/AJAR.2009.8.3.12.933
27. Perez-Ruiz, T., Martinez-Lozano, C., Tomas, V & Martin, J. (2003). Estimation of ATP/ GPT in human, Analytical and Bioanalytical Chemistry, 377:188-189.

28. Onyenekwe, C.C., Ukibe., N., Meludu, S.C., Aboh, N., Ifeanyi, M., Ezeani, M.O., Onochie, M.A., Ofiaeli, N& Ilika, A. (2008). Possible Biochemical Impact of Malaria Infection in Subjects with HIV coinfection in Anambra State Nigeria. Journal of Vector Borne Disease, 45: 151-156.

29. Onyenekwe, C.C., Ukibe, R. N., Meludu, S.C., Ezeani, M., Ofiaeli, N., Onochie, A., Ilika, A., Ifeanyi, M., Aboh, N and Ele, P. (2008) Serum Levels of anti-BCG, Albumin and Packed Cell Volume and White Blood Cell Count in Subjects with HIV and Malaria Co-morbidity. Tropical Medicine and Health, 36(1):17–22. 
30. Pernerstorfer-Schoen, H., Schindler, K., Parschalk, B., Schindl, A., Thoeny-Lampert, S., Wunderer, K., Elmadfa, I., Tschachler, E & Jilma, B. (1999). Beneficial effects of protease inhibitors on body composition and energy-expenditure: a comparison between HIV-infected and AIDS patients. AIDS,13: 2389–2396.

31. Osuji, F.N., Onyenekwe, C.C., Ahaneku, J.E and Ukibe, N.R. (2018). The effects of highly active antiretroviral therapy on the serum levels of proinflammatory and anti-inflammatory cytokines in HIV infected subjects. Journal of Biomedical Science. 25(1). 

32. Pietrocola, F., Galluzi, L., Bravo-San, P.J., Madeo, F & Kroemer, G. (2015). Acetyl COA enzyme, a central metabolite and second messenger. Cell metabolism, 21: 805-821. https://doi:10.1016/j.cmet.2015.05.014
33. Rahman, A., Liu, J., Mujib, S., Kidane, S., Ali, A., Szep, S., Han, C., Bonner, P., Parsons, M., Benko, E., Kovacs, C., Feng Y & Ostrowski, M. ((2021). Elevated glycolysis imparts functional ability to CD8. Life Science Alliance, 4(11): e202101081. https://doi:10.26508/lsa.202101081

34. Rodriguez, N.R., Fortune, T., Hegde, E., Weinstein, M.P., Keane, A.M., Mangold, J.F & Swartz, T.H. (2024). Oxidative phosphorylation in HIV-1 infection: impacts on cellular metabolism and immune function. Frontiers in Immunology, 15:1360342. https://doi: 10.3389/fimmu.2024.1360342
35. Sharpstone, D.R., Murray, C.P., Ross, H.M., Hancock, M.R., Phelan, MSCrane, R.C., Menzies, I.S., Reaveley, D.A., Lepri, A.C & Nelson, M.R. (1996). Energy balance in asymptomatic HIV infection. AIDS, 10:1377–1384. https://doi:10.1097/00002030-199610000-00010
36. Shevitz, A.H., Knox, T.A., Spiegelman, D., Roubenoff, R., Gorbach, S.L & Skolnik, P.R. (1999). Elevated resting energy expenditure among HIV-seropositive persons receiving highly active antiretroviral therapy. AIDS, 13:1351–1357. https://doi:10.1097/00002030-199907300-00012
37. United Nations Programme on HIV/AIDS (UNAIDS). (2011). Analysis of data from the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) dashboard (https://data.pepfar.net/global; accessed 1 July 2017).

38. United Nations Programme on HIV/AIDS (UNAIDS). (2015).  Report on the Global AIDS Epidemic – Executive Summary. Geneva: Joint United Nations Programme on HIV/AIDS (UNAIDS). https://www.unaids.org/en/resources/documents/2006/20060516_2006_gr-executivesummary_en.pdf

39. United Nations Programme on HIV/AIDS (UNAIDS). (2019).  Report on the Global AIDS Epidemic – Executive Summary. Geneva: Joint United Nations Programme on HIV/AIDS (UNAIDS). https://www.unaids.org/sites/default/files/media_asset/2019-global-AIDS-update_en.pdf

40. Vinckier, N.K., Patel, N.A., Geusz, R. J., Wang, A., Wang, J., Matta, I., Harrington, A.R., Wortham, M., Wetton, N., Wang, J., Jhala U.S., Rosenfeld, M.G., Benner, C.W., Shih, H.P & Sander, M. (2020). LSD 1-Mediated enhancer silencing attenuates retinoic acid signaling during pancreatic endocrine cell development. Nature Communications, 11(1): 2082-2083. https://doi:10.1038/s41467-020-16017-x
41. Ware, L.J., Jackson, A.G.A., Wootton, S.A., Burdge, G.C., Morlese, J.F., Moyle, G.J., Jackson, A.A & Gazzard, B.G. (2009). Antiretroviral therapy with or without protease inhibitors impairs postprandial TAG hydrolysis in HIV-infected men. British Journal of Nutrition 102:1038–1046. https://doi:10.1017/S0007114509338817.
42. Weiss, R.A. (1993). How does HIV Cause AIDS? Science, 260(5112): 1273–1279. https://doi.org/10.1126/science.8493571
43. World Health Organization (WHO). (2005). Nutrient Requirements for People Living with HIV/AIDS,” Report of a Technical Consultation, Geneva, Switzerland. https://www.who.int/publications/i/item/9241591196. 
44. Ezugwu, Uchenna Modestus, Chinedum Charles Onyenekwe, Nkiruka Rose Ukibe, Joseph Eberendu Ahaneku, Christian Ejike Onah, Emmanuel Ifeanyi Obeagu, Paul Isaac Emeje, Joseph Chimezie Awalu, and Gabriel Ejike Igbokwe. 2021. “Use of ATP, GTP, ADP and AMP As an Index of Energy Utilization and Storage in HIV Infected Individuals at NAUTH, Nigeria: A Longitudinal, Prospective, Case-Controlled Study”. Journal of Pharmaceutical Research International 33 (47A):78-84. https://doi.org/10.9734/jpri/2021/v33i47A32992. 

1

