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Introduction
Human Immunodeficiency Virus (HIV) and Acquired 

Immunodeficiency Syndrome (AIDS) remains a significant problem 
and the concern is not only a major public health issue, but also a 
socio-economic and developmental crisis that affects all sectors of the 
population [1]. HIV/AIDS remains the greatest public health crises 
in the world today and is the fourth leading cause of mortality in the 
world [2]. Nowadays HIV-AIDS is considered as a chronic disease 
because individuals have the potential to live upward of 20 years on 
highly active antiretroviral therapy [3]. Highly Active Anti-Retroviral 
Therapy (HAART), a combination therapy of three or more HIV-
suppressing drugs, has significantly improved the immunological 
status of the infected population, making HIV a manageable illness [4].

Chronic human immunodeficiency viral infection is characterized 
by defects in the immune system including depletion of CD4+ T-cells 
and impaired T-cell function. Successful antiretroviral therapy (ART) 
suppresses viral replication [5]. The CD4+ T-cell lymphocyte count is 
one of the most important prognostic factors for progression of HIV 
infection, and forms the basis for recommendations in the development 
of antiretroviral treatment and prophylaxis [6]. The decision of ART 
depends upon the CD4+ count of each individual [7]. Antiretroviral 
treatment was considered for the patient in view of high viral load, 
low CD4 count and elderly patient [8]. Recent success in defining the 
human immunodeficiency virus type 1 (HIV-1) – host cell protein 
interaction network has provided an opportunity for development of 

novel antiviral therapeutics targeted to host proteins required for virus 
infection [9]. CD4+ T lymphocytes carrying proviral DNA provide 
a reservoir for human immunodeficiency virus–type 1 (HIV-1) in 
patients on highly active antiretroviral therapy (HAART) [10].

Antiretroviral therapy refers to the use of pharmacologic agents 
that have specific inhibitory effects on HIV replication. Antiretroviral 
agents belongs to six distinct classes of drugs, the nucleoside and 
nucleotide reverse transcriptase Inhibitors, The non nucleoside reverse 
transcriptase Inhibitors, The protease Inhibitors, The fusion inhibitors, 
The CRR 5 Co receptor antagonistic and The Integrase Inhibitors. Each 
of these classes of drugs inhibits HIV replication at different stages in 
HIV life cycle [11].

Use of combination antiretroviral therapy (cART) also referred to 
as highly active antiretroviral therapy (HAART), resulted in a marked 
improvement in the prognosis of HIV disease [12]. HAART includes 
the combination of three different types of highly effective anti-HIV-1 
drugs, including nucleotide reverse transcriptase inhibitors (NRTIs), 
non-nucleotide reverse transcriptase inhibitors (NNRTIs) and non-
peptidic viral protease inhibitors (PIs) [13]. The goals of treatment are 
to suppress plasma viremia for as long as possible, to delay the selection 
of drug resistance mutations, and to preserve immune function. PIs, 
NRTIs and NNRTIs are associated with potent and durable viral 
suppression [14].

Human immunodeficiency virus type 1 (HIV-1) integrase (IN) 
is a key molecule for HIV genomic integration and is important in 
other steps of HIV-1 replication, including reverse transcription, 
nuclear import, chromatin targeting, virus release and maturation 
[15]. Non-nucleoside reverse transcriptase inhibitor (NNRTI) -based 
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Abstract
HIV/AIDS remains the greatest public health concern in the world. Nowadays HIV-AIDS is considered as a 

chronic disease due to the advent of highly active antiretroviral therapy. This therapy has significantly improved the 
status of the infected population, making HIV a manageable illness. However, recent studies suggest that exposure 
to antiretroviral medications may have marked adverse effects, independent of HIV status. This review article gives 
a note on the demerits of the therapy, major complications and metabolic abnormalities that occur as a consequence 
of HAART. The effect of antiretroviral (ARV) therapies on the incidence of serious non-AIDS events (SNAEs) has 
also been considered.
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antiretroviral therapy (ART) regimens have been recommended 
and widely used in resource-limited settings because of their reliable 
efficacy, low pill burden, and low cost [16].

Demerits of HAART
The introduction of the highly active antiretroviral therapy 

(HAART) in 1996 has drastically reduced the morbidity and mortality 
associated with the HIV infection [17]. However, recent studies suggest 
that exposure to antiretroviral medications may have marked adverse 
effects, independent of HIV status. Adverse events are common in 
patients receiving ARV therapy. Adverse events have been shown to 
compromise quality of life (QOL) and interfere with adherence to 
ARV regimens [14]. Nucleoside analogs and protease inhibitors have 
been linked to mitochondrial toxicity [18] and various metabolic and 
cardiovascular complications [4].

With combination antiretroviral therapy (cART) regimen, the 
durability of HIV control is limited by many factors (adherence to 
treatment, drug toxicity, bioavailability, among the most important) 
[19]. Emergence of HIV-1 drug resistance is an inevitable consequence 
of antiretroviral therapy (ART) failure [20,21]. The use of a 
combination of potent antiviral drugs leads to a reconstitution of the 
immune system, which in the short- and in the mid-term is sufficient 
to radically increase the life expectancy and to markedly reduce the 
incidence of opportunistic events. Incomplete immune reconstitution 
and persistent immune system hyperactivation in spite of highly active 
antiretroviral therapy continue to be a challenge [22].

Accurate quantification of HIV-1 Viral Load (VL) in plasma 
compartment is an important criterion for disease monitoring and 
management and has now become a standard method for monitoring 
HIV-infected patients on antiretroviral therapy [23].

Consequences of HAART
Each drug class has side effects: nucleoside/nucleotide reverse 

transcriptase inhibitors are associated with lactic acidosis, lipodystrophy, 
and hyperlipidemia; non-nucleoside reverse transcriptase inhibitors 
are associated with neuropsychiatric symptoms, rash, liver toxicity, 
and lipid abnormalities; and protease inhibitors are associated with 
gastrointestinal intolerance and glucose and lipid abnormalities [24]. 
Drug safety is likely to be the most important factor to distinguish one 
antiretroviral regimen from another [25].

As the elimination of mother-to-child transmission of HIV becomes 
a reality, more patients are becoming exposed to antiretrovirals in 
utero. With the advent of antiretroviral therapy (ART), the incidence 
of perinatal HIV-1 transmission has decreased. Antiretroviral therapy 
is effective in preventing perinatal HIV transmission but may be 
associated with adverse long-term side effects in exposed infants. 
Though mothers on HAART regimens may have optimal health, they 
expose their children to potent drugs and possible toxicity [4].

Major complications

Antiretroviral toxicity is an increasingly important issue in the 
management of HIV-infected patients [26]. The effect of antiretroviral 
(ARV) therapies on the incidence of serious non-AIDS events (SNAEs) 
has been considered. SNAEs were defined as cardiovascular events 
(myocardial infarction, ischaemic stroke, peripheral vascular disease, 
cardiac revascularisation procedure), non-AIDS defining cancer, end 
stage liver disease, non-traumatic fractures of long torso-bones [27]. It 
is also associated with long-term complications of peripheral nervous 

system and the central nervous system [28], has a profound effect 
on the skeleton and can lead to osteoporosis [29]. Longer time spent 
receiving HAART and higher CD4 cell counts at HAART initiation 
were associated with death from non-AIDS causes [30].

Bone disorders: Osteonecrosis means “bone death.” Bone can die 
if its blood supply is cut off and it can’t get nutrients; this is called 
avascular necrosis. Osteonecrosis occurs in the hip bones of some 
people with HIV. The bone mineral density is decreases and hip fracture 
risk increases [29]. Osteopenia is a condition in which the bones lose 
calcium and phosphate minerals and become less dense. This makes 
the bones weaker. When bone loss becomes more severe, the condition 
is referred to as Osteoporosis. Osteoporosis can be reliably detected 
by measurement of bone mineral density (BMD) [31]. Continuous 
ART is associated with decline in BMD [32]. Increased risk of these 
bone disorders are observed in patients with high intake of HIV 
protease inhibitors (PIs) [33]. Fracture prevention efforts should be an 
important consideration in the treatment [34]. Many factors may affect 
the prevalence of osteopenia and osteoporosis such as age of diagnosis, 
duration of disease etc [35].

Muscular disorders: HIV-infected patients may develop a variety 
of muscular disorders such as polymyositis, inclusion- body myositis, 
myopathy secondary to HIV therapy, HIV wasting syndrome, and 
rhabdomyolysis [36]. HAART therapy increases the risk of their 
occurrence.

Cardiovascular disorders: Recent advances in medicine have 
led to a significant decline in mortality associated with HIV infection 
and hence increased life expectancy in HIV-infected individuals. 
Antiretroviral drugs are associated with higher cardiovascular risk 
[37]. Cardiovascular complications have become an important health 
concern in HIV-infected population especially after the introduction of 
anti-retroviral therapy. HAART regimen and the increased life span of 
infected individuals on HAART have led to an increased incidence of 
cardiovascular complications [38]. Cardiovascular disease is the leading 
cause of morbidity and mortality in patients with diabetes mellitus 
and increased incidence is seen in patients with HIV [39]. HAART 
itself causes in a high proportion of patients a metabolic syndrome, 
characterized by lipodystrophy/lipoatrophy, dyslipidemia and insulin 
resistance that may be associated with an increase in peripheral artery 
and coronary artery diseases [40].

Neurological disorders: The prevalence of the most frequent HIV 
associated neurological disorders and their incidence decreased since 
the introduction of HAART [41]. Current highly active antiretroviral 
therapy (HAART) for the treatment of HIV infection is associated 
with long term side effects. Nucleoside reverse transcriptase inhibitors 
(NRTIs) are currently an essential part of highly active antiretroviral 
therapy (HAART) for the treatment of HIV. The use of some 
dideoxynucleotide analogues may be limited by mitochondrial toxicity 
leading to distal symmetric polyneuropathy (DSP). Nearly one-third 
of patients treated with nucleoside reverse transcriptase inhibitors 
(NRTIs) experience peripheral neuropathic side effects [42]. Alterations 
in cardiac innervations have been described in HIV infection and AIDS 
due to autonomic neuropathy [43].

Liver Disorders: The liver is the largest organ in the human 
body, the second to brain in organ complexity. Liver is the main 
metabolizing organ in the body [44]. It is mainly responsible for the 
immunologic equilibrium hence any disturbance in its function will 
compromise the immune state [45]. Treatment of HIV infection with 
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highly antiretroviral therapy (HAART) may be limited by liver toxicity 
[46]. Liver disease is a major cause of morbidity and mortality in HIV-
infected persons [47]. Abnormalities in liver function are common 
and may be caused by HIV itself. Coinfection with hepatitis viruses 
increases the risk of liver toxicity while taking antiretroviral therapy. 
Hepatotoxicity is a serious complication in patients taking HAART 
[48]. All antiretroviral drugs classes, NRTIs, NNRTIs and PIs may 
cause hepatotoxicity but in different pathways [49]. Drug-induced 
hepatotoxicity is an important cause of acute liver failure [50]. 

These drugs influence the rate of sustained virological response 
(SVR) in HIV/HCV-coinfected individuals [51]. Patients who receive 
protease inhibitors (PIs)-based antiretroviral therapy (ART) show a 
higher Hepatitis C  viremia than those treated with other regimens, 
mainly those including nonnucleoside reverse transcriptase inhibitors 
(NNRTI) [52].  Some nucleoside retrotranscriptase inhibitors 
(NRTI) may decrease the tolerability of HCV therapy due to different 
interactions and toxicities, reducing the rate of success of such a therapy 
[51]. Liver disease caused by HIV-1/HCV co-infection is characterized 
by the inflammation and cell-death. Liver diseases constitute a high 
proportion of mortalities among HIV-1 patients [53].

Immune Disorders: After initiation of Anti-Retroviral Therapy 
(ART) despite improved immune function, Immune Recovery 
Inflammatory Syndrome (IRIS) has been observed that is characterized 
by a paradoxical deterioration of clinical status. It is caused by 
inflammatory response against the infectious antigen [54]. Suppression 
of HIV replication by highly active antiretroviral therapy (HAART) 
often restores protective pathogen-specific immune responses, but in 
some patients the restored immune response is immunopathological 
and causes disease immune restoration disease (IRD) [55].

Metabolic abnormalities

Inspite of the remarkable improvements in the survival and quality 
of life style in HIV patients with the use of highly active antiretroviral 
therapy (HAART), various complications such as hyperlipidemia, 
lipodystrophy, impaired glucose metabolism etc have been observed. 
Highly active antiretroviral therapy (HAART) was recently associated 
with disturbance of lipid metabolism, fat mass distribution and insulin 
resistance [56].

Glucose abnormalities: Alterations in the normal glucose levels 
in blood will lead to abnormal physiological states causing either 
hypoglycemia (low glucose levels) or hyperglycemia (high glucose 
levels) [57]. It is also associated with long-term complications of 
peripheral nervous system and the central nervous system [28], has 
a profound effect on the skeleton and can lead to osteoporosis [29]. 
Cardiovascular disease (CVD) is a major complication and a leading 
cause of early death among persons with diabetes [58]. Insulin 
Resistance is a condition in which the body cannot use insulin effectively 
and higher concentrations of insulin are required to exert normal 
effects. Insulin is needed to help control the amount of sugar in the 
body and is one of the most extensively studied proteins in many fields 
[59]. The coexistence of obesity, glucose intolerance, dyslipidemia, and 
hypertension, is termed as insulin resistance syndrome [60]. PIs are 
mainly responsible for insulin resistance. Diabetes mellitus is a disease 
of abnormal glucose metabolism resulting in hyperglycemia due to 
either a deficiency of insulin secretion or insulin resistance or both [61]. 

Diabetes is a chronic disorder characterized by high levels of 
glucose in the blood and is a common disorder affecting individuals of 
all ages. Hyperglycemia is a symptom of Diabetes [62]. Increased risk 

of diabetes mellitus is observed in people taking HAART, specifically 
protease inhibitors (PIs). Hyperglycemia, new-onset diabetes mellitus, 
exacerbation of existing diabetes mellitus, and diabetic ketoacidosis has 
been reported in HIV-infected patients taking PIs. Diabetes mellitus, 
one of the most prevalent diseases in developing world, is a metabolic 
disorder characterized by hyperglycemia and other metabolic 
alterations due to relative or absolute insulin deficiency [63]. Treatment 
with HIV protease inhibitors (PIs) and infection with hepatitis C virus 
increase the risk of hyperglycemia and diabetes in people with HIV. The 
risk of developing hyperglycemia is the same with all PIs. People who 
are older, obese [64], family history with diabetes are also at greater 
risk for developing hyperglycemia. Hyperglycemia is also associated 
with excessive free radical generation and oxidant stress [65]. Diabetic 
patients also have increased risk of fractures [66].

Lipid abnormalities: Hyperlipidemia is an increase in the amount 
of fat in the blood. These increases can lead to heart disease and 
pancreatitis. Some protease inhibitors (PIs) can raise blood lipid (fat) 
levels. Lipodystrophy also called fat redistribution is a disturbance in 
the way your body produces, uses, and stores fat. It is mainly caused 
by the high use of protease inhibitors (PIs) and Nucleoside Reverse 
Transcriptase Inhibitors (NRTIs). There are two different kinds of 
lipodystrophy. In fat wasting, also known as lipoatrophy, fat is lost 
from particular areas of the body, especially the arms, legs, face, and 
buttocks. The second kind of lipodystrophy is fat accumulation, also 
known as hyperadiposity [33]. Diabetic dyslipidemia is associated with 
increased risk of cardiovascular disease [67].

Conclusion
The recent development of HAART has drastically improved 

the life expectancy of AIDS patients but the long-term use of novel, 
potent antiviral agents has lead to new problems and complications. 
Current therapies require lifelong treatment which can be associated 
with significant toxicity and economic cost. In some instances, the 
use of cART may be restricted by contraindications, drug resistance, 
or limited access. There is a need for simple treatment options which 
provide sustained potency, limited toxicity, a high genetic barrier to 
development of resistance and also reduced cost.
References

1. Nsimba SED, Irunde H, Comoro C (2010) Barriers to ARV Adherence among 
HIV/AIDS Positive Persons taking Anti-Retroviral Therapy in Two Tanzanian 
Regions 8-12 Months after Program Initiation. J AIDS Clinic Res 1: 111.

2. Guha P, Sardar P (2011) Prevalence of Paediatric HIV Infection in Eastern 
India-First report. J AIDS Clinic Res 2: 127.

3. Santos-Lozano A, Garatachea N (2011) Physical Activity Measurements Using 
Accelerometers and Pedometers in HIV-Infected People. J AIDS Clinic Res 
2: 126.

4. Míguez MJ, Rosenberg R, Burbano X, Malow R (2011) Cholesterol as a 
Mediator of Alcohol-Induced Risks for Respiratory Disease Hospitalizations 
among People Living With HIV. J AIDS Clinic Res S1: 001.

5. Tan DBA, Yong YK, Tan HY, French M, Kamarulzaman A, et al. (2010) 
Characteristics of Natural Killer Cells in Malaysian HIV Patients Presenting with 
Immune Restoration Disease After ART. J AIDS Clinic Res 1: 102.

6. Achhra AC, Zhou J, Dabis F, Pujari S, Thiebaut R, et al. (2010) Difference 
in Absolute CD4+ Count According to CD4 Percentage between Asian and 
Caucasian HIV-Infected Patients. J AIDS Clinic Res 1: 101.

7. Vecchi A, Hasson H, Galli A, Castagna A, Lazzarin A, et al. (2009) In Vivo 
Treatment with Fusion Inhibitor Enfuvirtide Leads to Increased IL-12 Production 
by Autologous in Vitro Activated Monocytes from HIV-infected Individuals. J 
Antivir Antiretrovir 1: 043-050. 

http://www.omicsonline.org/2155-6113/2155-6113-1-111.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-111.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-111.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-127.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-127.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-126.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-126.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-126.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-001.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-001.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-001.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-102.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-102.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-102.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-101.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-101.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-101.pdf
http://www.omicsonline.org/ArchiveJAA/2009/November/01/JAA1.43.pdf
http://www.omicsonline.org/ArchiveJAA/2009/November/01/JAA1.43.pdf
http://www.omicsonline.org/ArchiveJAA/2009/November/01/JAA1.43.pdf
http://www.omicsonline.org/ArchiveJAA/2009/November/01/JAA1.43.pdf


Citation: Hima Bindu A, Naga Anusha P (2011) Adverse Effects of Highly Active Anti-Retroviral Therapy (HAART). J Antivir Antiretrovir 3: 060-064. 
doi:10.4172/jaa.1000037

Volume 3(4): 060-064 (2011) - 063 
J Antivir Antiretrovir
ISSN:1948-5964 JAA, an open access journal

8. Patel AK, Patel KK, Ranjan R, Patel AR, Patel JK (2010) Seronegative HIV-1 
Infection, a Difficult Clinical Entity; a Case Report. J AIDS Clinic Res 1: 106.

9. Neurath AR, Lackman-Smith C (2009) Prevention of Human Immunodeficiency 
Virus Type 1 Transmission by Pharmaceuticals Targeted to Host Proteins 
Required for Virus Infection? Consideration of Farnesyl Thiosalicylic Acid, a 
Ras Inhibitor. J Antivir Antiretrovir 1: 072-075.

10. Finzi D, Hermankova M, Pierson T, Carruth LM, Buck C et al. (1997) 
Identification of a reservoir for HIV-1 in patients on highly active antiretroviral 
therapy. Science 278: 1295-1300.

11. Stankov MV, Behrens GM (2007) HIV-therapy associated lipodystrophy: 
experimental and clinical evidence for the pathogenesis and treatment. Endocr 
Metab Immune Disord Drug Targets 7: 237-249.

12. Pinola M, Lazzarin A, Antinori A, Carosi G, Di Perri G, et al. (2010) Lopinavir/
ritonavir + tenofovir Dual Therapy versus Lopinavir/ritonavir-Based Triple 
Therapy in HIV-Infected Antiretroviral Naïve Subjects: The Kalead Study. J 
Antivir Antiretrovir 2: 056-062.

13. Pande PP (2009) Computational Approach towards designing potential HIV 
inhibitors. J Antivir Antiretrovir 1: 082-085.

14. Moore RD, Kumar R (2010) Outcomes of Ritonavir-Boosted Protease Inhibitor 
versus Non-Nucleoside Reverse Transcriptase Regimens in a Clinical Practice 
Cohort. J Antivir Antiretrovir 1: 013-019.

15. Ao Z, Jayappa KD, Labine M, Zheng Y, Matthews C, et al. (2010) 
Characterization of Anti-HIV Activity Mediated by HIV-1 Integrase C-terminal 
Domain Polypeptides Expressed in Susceptible Cells. J Antivir Antiretrovir 1: 
020-028.

16. Soe AN, Tansuphasawadikul S, Phonrat B, Boonpok L, Tepsupa S, et al. 
(2010) Early Viral Suppression Predicting Long-term Treatment Success 
Among HIV Patients Commencing NNRTI-based Antiretroviral Therapy. J 
Antivir Antiretrovir 2: 033-037.

17. Reginald OO, Mohammed MH, Olayinka AT, Sani GB, Tobi-Ajayi E, et al. (2011) 
Hematological and Metabolic Toxicities of Current Antiretroviral Regimens in 
Ahmadu Bello University Teaching Hospital Shika Zaria, Northern Nigeria. J 
AIDS Clinic Res S2: 002.

18. Apostolova N, Blas-García A, Esplugues JV (2011) Mitochondrial toxicity in 
HAART: an overview of in vitro evidence. Curr Pharm Des 17: 2130-2144.

19. Meynard JL, Morand-Joubert L, Chêne G, Landman R, Pinta A, et al. (2011) 
Two-Year Observational Study in Patients Infected with Drug-Resistant HIV-1 
and Treated with the Fusion Inhibitor Enfuvirtide: The ZOOM Cohort. J AIDS 
Clinic Res 2:114.

20. El-Khatib Z, DeLong AK, Katzenstein D, Ekstrom AM, Ledwaba J, et al. (2011) 
Drug Resistance Patterns and Virus Re-Suppression among HIV-1 Subtype C 
Infected Patients Receiving Non-Nucleoside Reverse Transcriptase Inhibitors 
in South Africa. J AIDS Clinic Res 2: 117.

21. Neurath AR, Lackman-Smith C (2009) Prevention of Human Immunodeficiency 
Virus Type 1 Transmission by Pharmaceuticals Targeted to Host Proteins 
Required for Virus Infection? Consideration of Farnesyl Thiosalicylic Acid, a 
Ras Inhibitor. J Antivir Antiretrovir 1: 072-075.

22. Pineda JA, Alcamí J, Blanco JR, Blanco J, Boix V, et al. (2011) Hot 
Immunological Topics in HIV Infection. J AIDS Clinic Res 2:118.

23. Nkeze J, Liang D, Adkins H, Zhao RY (2010) Comparison of HIV-1 Viral 
Load between Abbott m2000 and Roche COBAS TaqMan Methods. J Antivir 
Antiretrovir 2: 042-045.

24. Reust CE (2011) Common Adverse Effects of Antiretroviral Therapy for HIV 
Disease. Am Fam Physician 83: 1443-1451.

25. Calmy A, Hirschel B, Cooper DA, Carr A (2009) A new era of antiretroviral drug 
toxicity. Antivir Ther 14: 165-179.

26. Carr A, Cooper DA (2000) Adverse effects of antiretroviral therapy. The Lancet 
356: 1423-1430.

27. Amin J, De Lazzari E, Emery S, Martin A, Martinez E, et al. (2010) Simplifi 
cation with Fixed-Dose Tenofovir-Emtricitabine or Abacavir-Lamivudine in 
Treatment Experienced, Virologically Suppressed Adults with Hiv Infection: 

Combined Analysis of Two Randomised, Non-Inferiority Trials Bicombo and 
Steal. J AIDS Clinic Res 1: 103.

28. Chen D, Huang H, Xing Y, Liu Y, Xu Y, et al. (2011) A New Vanadium Complex 
Improves the Spatial Learning and Memory by Activation of Caveolin–MAPK–
CREB Pathway in Diabetic Mice. J Diabetes Metab 2: 114.

29. Vestergaard P (2011) Diabetes and Bone. J Diabetes Metab S:1.

30. Palella FJ Jr, Baker RK, Moorman AC, Chmiel JS, Wood KC (2006) Mortality 
in the highly active antiretroviral therapy era: changing causes of death and 
disease in the HIV outpatient study. J Acquir Immune Defic Syndr 43: 27-34.

31. Geraci A (2011) Osteoporosis and celiac disease: is it useful to a new guideline? 
J Gastrointest Digest Sys 1:e103.

32. Grund B, Peng G, Gibert CL, Hoy JF, Isaksson RL et al. (2009) Continuous 
antiretroviral therapy decreases bone mineral density. AIDS 23: 1519-1529.

33. Fact Sheets: Side Effects of Anti-HIV Medications-Health Information for 
Patients (2005) AIDS info.

34. Ikeda T, Iwata K (2011) Long-Term Effect of Alendronate on Bone Mineral 
Density in Postmenopausal Type 2 Diabetes Mellitus. J Diabetes Metab 
S1:002.

35. Shivaswamy V, Mack L, Larsen J (2011) Diabetes, Bone Density, and 
Fractures. J Diabetes Metab S1:004.

36. Moanna A, Skarbinski J, Kalokhe AS, Rimland D, Rouphael NG (2011) Primary 
Human Immunodeficiency Virus Infection and Rhabdomyolysis. J AIDS Clinic 
Res 2:119.

37. Pineda JA, Alcamí J, Blanco JR, Blanco J, Boix V, et al. (2011) Hot 
Immunological Topics in HIV Infection. J AIDS Clinic Res 2:118.

38. Bhardwaj A, Parikh R, Daoko J, Singh L, Shamoon FE, et al. (2009) 
Cardiovascular Manifestation of HIV: Review. J Antivir Antiretrovir 1: 011-016.

39. Li YW, Aronow WS (2011) Diabetes Mellitus and Cardiovascular Disease. J 
Clinic Experiment Cardiol 2:114.

40. Barbaro G, Klatt EC (2003) Highly active antiretroviral therapy and 
cardiovascular complications in HIV-infected patients. Curr Pharm Des 9: 
1475-1481.

41. Maschke M, Kastrup O, Esser S, Ross B, Hengge U et al. Incidence and 
prevalence of neurological disorders associated with HIV since the introduction 
of highly active antiretroviral therapy (HAART). J Neurol Neurosurg Psychiatry 
69: 376-380.

42. Herzmann C, Smith C, Johnson MA, Byrne P, Terenghi G, et al. (2010) 
A Prospective, Double Blind, Randomised, Placebo Controlled Trial 
Evaluating Acetyl-L-Carnitine (ALCAR) for the Prevention of Distal Symmetric 
Polyneuropathy in HIV Infected Individuals. J AIDS Clinic Res 1:108.

43. Demarie D, Marletta G, De Vivo E, Rivela E, Bignamini E (2011) Long QT 
Syndrome (LQTS) in Opiate, Cocaine and Alcohol Addiction, with HIV+ / HCV+ 
Co-Infection in Antiretroviral Therapy (HAART). J Addict Res Ther 2:114.

44. Grundmann O (2010) The Gut Microbiome and Pre-systemic Metabolism: 
Current State and Evolving Research. J Drug Metabol Toxicol 1:104.

45. Castellanos MI, Seijas OR, González D, Ronquillo M, del Rosario Abreu M, et 
al. (2011) Immune Alterations in Liver Cirrhosis: Its Relationship with Etiology, 
Child Pugh Stage and Malnutrition. J Nutrition Disorder Ther 1:101.

46. Núñez M, Lana R, Mendoza JL, Martín-Carbonero L, Soriano V (2001) Risk 
factors for severe hepatic injury after introduction of highly active antiretroviral 
therapy. J Acquir Immune Defic Syndr 27: 426-431.

47. Kovari H, Weber R (2011) Influence of antiretroviral therapy on liver disease. 
Curr Opin HIV AIDS 6: 272-277.

48. Kontorinis N, Dieterich D (2003) Hepatotoxicity of antiretroviral therapy. AIDS 
Rev 5: 36-43.

49. Abrescia N, D’Abbraccio M, Figoni M, Busto A, Maddaloni A et al. (2005) 
Hepatotoxicity of antiretroviral drugs. Curr Pharm Des 11: 3697-3710.

50. Pugh AJ, Barve AJ, Falkner K, Patel M, McClain CJ (2009) Drug-induced 
hepatotoxicity or drug-induced liver injury. Clin Liver Dis 13: 277-294.

http://www.omicsonline.org/2155-6113/2155-6113-1-106.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-106.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9360927
http://www.ncbi.nlm.nih.gov/pubmed/9360927
http://www.ncbi.nlm.nih.gov/pubmed/9360927
http://www.ncbi.nlm.nih.gov/pubmed/18220944
http://www.ncbi.nlm.nih.gov/pubmed/18220944
http://www.ncbi.nlm.nih.gov/pubmed/18220944
http://www.omicsonline.org/1948-5964/JAA-02-056.pdf
http://www.omicsonline.org/1948-5964/JAA-02-056.pdf
http://www.omicsonline.org/1948-5964/JAA-02-056.pdf
http://www.omicsonline.org/1948-5964/JAA-02-056.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.82.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.82.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-013.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-013.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-013.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-020.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-020.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-020.pdf
http://www.omicsonline.org/ArchiveJAA/2010/February/01/JAA-02-020.pdf
http://www.omicsonline.org/ArchiveJAA/2010/April/01/JAA-02-033.pdf
http://www.omicsonline.org/ArchiveJAA/2010/April/01/JAA-02-033.pdf
http://www.omicsonline.org/ArchiveJAA/2010/April/01/JAA-02-033.pdf
http://www.omicsonline.org/ArchiveJAA/2010/April/01/JAA-02-033.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-002.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-002.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-002.pdf
http://www.omicsonline.org/2155-6113/2155-6113-S2-002.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21718249
http://www.ncbi.nlm.nih.gov/pubmed/21718249
http://www.omicsonline.org/2155-6113/2155-6113-2-114.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-114.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-114.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-114.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-117.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-117.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-117.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-117.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.72.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-118.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-118.pdf
http://www.omicsonline.org/1948-5964/JAA-02-042.pdf
http://www.omicsonline.org/1948-5964/JAA-02-042.pdf
http://www.omicsonline.org/1948-5964/JAA-02-042.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21671545
http://www.ncbi.nlm.nih.gov/pubmed/21671545
http://www.ncbi.nlm.nih.gov/pubmed/19430091
http://www.ncbi.nlm.nih.gov/pubmed/19430091
http://www.sciencedirect.com/science/article/pii/S0140673600028543
http://www.sciencedirect.com/science/article/pii/S0140673600028543
http://www.omicsonline.org/2155-6113/2155-6113-1-103.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-103.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-103.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-103.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-103.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-114.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-114.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-114.pdf
http://omicsonline.org/2161-0991/2161-0991-1-103e.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16878047
http://www.ncbi.nlm.nih.gov/pubmed/16878047
http://www.ncbi.nlm.nih.gov/pubmed/16878047
http://www.omicsonline.org/JGDS/JGDS-1-e103.pdf
http://www.omicsonline.org/JGDS/JGDS-1-e103.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2748675/?tool=pubmed
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2748675/?tool=pubmed
http://aidsinfo.nih.gov/ContentFiles/SideEffectAnitHIVMeds_cbrochure_en.pdf
http://aidsinfo.nih.gov/ContentFiles/SideEffectAnitHIVMeds_cbrochure_en.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-002.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-002.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-002.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-004.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-004.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-119.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-119.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-119.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-118.pdf
http://www.omicsonline.org/2155-6113/2155-6113-2-118.pdf
http://www.omicsonline.org/ArchiveJAA/2009/November/01/JAA1.11.pdf
http://www.omicsonline.org/ArchiveJAA/2009/November/01/JAA1.11.pdf
http://www.omicsonline.org/2155-9880/2155-9880-2-114.pdf
http://www.omicsonline.org/2155-9880/2155-9880-2-114.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12769727
http://www.ncbi.nlm.nih.gov/pubmed/12769727
http://www.ncbi.nlm.nih.gov/pubmed/12769727
http://www.ncbi.nlm.nih.gov/pubmed/10945813
http://www.ncbi.nlm.nih.gov/pubmed/10945813
http://www.ncbi.nlm.nih.gov/pubmed/10945813
http://www.ncbi.nlm.nih.gov/pubmed/10945813
http://www.omicsonline.org/2155-6113/2155-6113-1-108.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-108.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-108.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-108.pdf
http://www.omicsonline.org/2155-6105/2155-6105-2-114.pdf
http://www.omicsonline.org/2155-6105/2155-6105-2-114.pdf
http://www.omicsonline.org/2155-6105/2155-6105-2-114.pdf
http://www.omicsonline.org/2157-7609/2157-7609-1-104.pdf
http://www.omicsonline.org/2157-7609/2157-7609-1-104.pdf
http://www.omicsonline.org/JNDT/JNDT-1-101.pdf
http://www.omicsonline.org/JNDT/JNDT-1-101.pdf
http://www.omicsonline.org/JNDT/JNDT-1-101.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11511818
http://www.ncbi.nlm.nih.gov/pubmed/11511818
http://www.ncbi.nlm.nih.gov/pubmed/11511818
http://www.ncbi.nlm.nih.gov/pubmed/21508839
http://www.ncbi.nlm.nih.gov/pubmed/21508839
http://www.aidsreviews.com/files/2003_05_1_036-043.pdf
http://www.aidsreviews.com/files/2003_05_1_036-043.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16305505
http://www.ncbi.nlm.nih.gov/pubmed/16305505
http://www.ncbi.nlm.nih.gov/pubmed/19442919
http://www.ncbi.nlm.nih.gov/pubmed/19442919


Citation: Hima Bindu A, Naga Anusha P (2011) Adverse Effects of Highly Active Anti-Retroviral Therapy (HAART). J Antivir Antiretrovir 3: 060-064. 
doi:10.4172/jaa.1000037

Volume 3(4): 060-064 (2011) - 064
J Antivir Antiretrovir
ISSN:1948-5964 JAA, an open access journal

51. Mira JA, López-Cortés LF, Vispo E, Tural C, Laguno M, et al. (2010) Concomitant 
Nevirapine Therapy is Associated with Higher Efficacy of Pegylated Interferon 
Plus Ribavirin among HIV/Hepatitis C Virus-Coinfected Patients. J AIDS Clinic 
Res 1:112.

52. Mata RC, Mira JA, Rivero A, López-Cortés LF, Torres-Tortosa M, et al. (2010) 
Nevirapine-based Antiretroviral Therapy is Associated with Lower Plasma 
Hepatitis C Virus Viral Load among HIV/Hepatitis C Virus-Coinfected Patients. 
J AIDS Clinic Res 1:110.

53. Rahman S, Connolly JE, Manuel SL, Chehimi J, Montaner LJ, et al. (2011) 
Unique Cytokine/Chemokine Signatures for HIV-1 and HCV Mono-infection 
versus Co-infection as Determined by the Luminex® Analyses. J Clin Cell 
Immunol 2:104.

54. Corrêa RB, Schmidt FR, Silva MLCF, Costa FHR, Rosso AL, et al. (2010) 
Holmes´ Tremor in an HIV Positive Patient Worsened by Immune Recovery Infl 
ammatory Syndrome (IRIS). J AIDS Clinic Res 1:105.

55. French MA, Price P, Stone SF (2004) Immune restoration disease after 
antiretroviral therapy. AIDS 18: 1615-1627. 

56. Gontran M, Jerome LT, Yvonne AM, Mavoungou-Poaty V, Elie M, et al. (2009) 
Effects of IM28 on HIV-1 and Metabolic Disorders-induced Highly Active 
Antiretroviral Therapy in Gabonese Patients. J Antivir Antiretrovir 1: 076-081.

57. Uppu RM, Parinandi NL (2011) Insulin Sensitization and Resistance 
Interrelationship Revisited with a Quantitative Molecular Model Approach. J 
Diabetes Metab 2:106e.

58. Huffman FG, Vaccaro JA, Nusrath NS, Zarini GG (2011) The Effect of 
Carbohydrate Amount, Quality and Type on Arterial Pulse Pressure in Cuban-
Americans with and Without Type 2 Diabetes. J Nutr Food Sci 1:106.

59. Ramachandra S (2011) Do we need yet another Insulin? J Diabet Metabol 
2:0e4.

60. Misra A, Vikram NK (2004) Insulin resistance syndrome (metabolic syndrome) 
and obesity in Asian Indians: evidence and implications. Nutrition 20: 482-491.

61. Sai YRKM, Dattatreya A, Anand SY, SureshBabu D, Sandeep Heni RS (2011) 
Biomarkers of Internal Origin and Their Significance in Diabetes and Diabetic 
Complications. J Diabetes Metab R1:001.

62. Ribeiro C, de Alencar Mota CS, Voltarelli FA, de Araújo MB, Botezelli JD, et 
al. (2010) Effects of Moderate Intensity Physical Training in Neonatal Alloxan-
Administered Rats. J Diabetes Metab 1:107.

63. Kumar R, Kumar AN, Ahmed S (2011) Changes in Erythrocyte Membrane in 
Type-2 Diabetes Mellitus with and without Dyslipidemia. J Diabetes Metab 
2:141.

64. Kablan A, Saunders RA, Szkudlarek-Mikho M, Chin JB, Bosio RM, et al. (2010) 
Prieurianin Causes Weight Loss in Diet-Induced Obese Mice and Inhibits 
Adipogenesis in Cultured Preadipocytes. J Diabetes Metab 1:101.

65. El Asrar MA, Adly AAM, El Hadidi E, Gharib M (2011) Serum and Urinary 
Nitrites and Nitrates and Doppler Sonography in Detection of Early Diabetic 
Complications. J Diabetes Metab 2:117.

66. Fowlkes JL, Bunn RC, Thrailkill KM (2011) Contributions of the Insulin/Insulin-
Like Growth Factor-1 Axis to Diabetic Osteopathy. J Diabetes Metab S1:003.

67. Elboudwarej O, Hojjat H, Safarpoor S, Vazirian S, Ahmadi S (2011) 
Dysfunctional HDL and Cardiovascular Disease Risk in Individuals with 
Diabetic Dyslipidemia. J Diabetes Metab S4:001.

http://www.omicsonline.org/2155-6113/2155-6113-1-112.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-112.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-112.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-112.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-110.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-110.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-110.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-110.pdf
http://www.omicsonline.org/2155-9899/2155-9899-2-104.pdf
http://www.omicsonline.org/2155-9899/2155-9899-2-104.pdf
http://www.omicsonline.org/2155-9899/2155-9899-2-104.pdf
http://www.omicsonline.org/2155-9899/2155-9899-2-104.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-105.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-105.pdf
http://www.omicsonline.org/2155-6113/2155-6113-1-105.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15280772
http://www.ncbi.nlm.nih.gov/pubmed/15280772
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.76.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.76.pdf
http://www.omicsonline.org/ArchiveJAA/2009/December/01/JAA1.76.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-106e.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-106e.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-106e.pdf
http://www.omicsonline.org/2155-9600/2155-9600-1-106.pdf
http://www.omicsonline.org/2155-9600/2155-9600-1-106.pdf
http://www.omicsonline.org/2155-9600/2155-9600-1-106.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-0e4.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-0e4.pdf
http://www.ias.ac.in/currsci/dec252002/1483.pdf
http://www.ias.ac.in/currsci/dec252002/1483.pdf
http://www.omicsonline.org/2155-6156/2155-6156-R1-001.pdf
http://www.omicsonline.org/2155-6156/2155-6156-R1-001.pdf
http://www.omicsonline.org/2155-6156/2155-6156-R1-001.pdf
http://www.omicsonline.org/2155-6156/2155-6156-1-107.pdf
http://www.omicsonline.org/2155-6156/2155-6156-1-107.pdf
http://www.omicsonline.org/2155-6156/2155-6156-1-107.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-141.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-141.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-141.pdf
http://www.omicsonline.org/2155-6156/2155-6156-1-101.pdf
http://www.omicsonline.org/2155-6156/2155-6156-1-101.pdf
http://www.omicsonline.org/2155-6156/2155-6156-1-101.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-117.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-117.pdf
http://www.omicsonline.org/2155-6156/2155-6156-2-117.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-003.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S1-003.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S4-001.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S4-001.pdf
http://www.omicsonline.org/2155-6156/2155-6156-S4-001.pdf

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Demerits of HAART
	Consequences of HAART
	Major complications
	Metabolic abnormalities

	Conclusion
	References



