
John E. Lewis, Ph.D.

Assistant Professor 
Director of Education -Fogarty Training Program

Director of Research -Center for Complementary and Integrative 
Medicine

Associate Director -Medical Wellness Center
University of Miami Miller School of Medicine

1120 NW 14th Street
Suite #1474 (D -21)

Phone: 305 -243 -6227
Fax: 305 -243 -3648

E-mail: jelewis@miami.edu

Cardiovascular/Aerobic Training and the Impact 
on Cardiovascular Conditioning and 
Mitochondrial Functioning on HIV



Cardiovascular Manifestations 
of HIV Infection in HAART Era

1. Dilated cardiomyopathy (10-30% prevalence)

2. Infective endocarditis (6 -34% prevalence)

3. Pericardial effusion (5-46% prevalence, but is 
thought to be declining with HAART)

4. Pulmonary arterial hypertension (1 of 200 HIV 
patients)

5. Coronary artery disease (Increasing with HAART)

6. Myocardial infarction (4 x more prevalent with PIs)

7. Cardiovascular disease (Increasing with HAART)



Cardiovascular Manifestations 
of HIV Infection in HAART Era

8. Lower HDL cholesterol

9. Higher triglycerides

10. Higher total cholesterol

11. Increased visceral adiposity

12. Increased LDL cholesterol

The etiology of cardiovascular manifestations in HIV-
infected patients is likely multifactorial, with recent 
studies suggesting a complex interaction between 
HAART, HIV itself, immunological, virological, and 
conventional factors.



Problems with HAART, especially 
Protease Inhibitors

At this point, it is still unknown and controversial 
what percentage of the cardiovascular manifestations 
is attributed to HIV itself and to HAART.  It is likely 
multifactorial or duplicative.



HIV-Induced
ŦżƇƂŶŻƂƁŷƅżŴſ ŦƌƂƃŴƇŻƌƑ.

results in:

1. Treatment-naive HIV-infected subjects demonstrate 
mtDNA depletion in peripheral blood mononuclear 
cells

2. mtDNA level was not only positively correlated with 
CD4+ T-cell count, but inversely correlated with 
plasma viral loads

Toshiyuki Miura, Mieko Goto, Noriaki Hosoya, Takashi Odawara, Yoshihiro Kitamura, Tetsuya Nakamura, and Aikichi Iwamoto. Depl eti on of 
Mitochondrial DNA in HIV -1-Infected Patients and Its Amelioration by Antiretroviral Therapy. Journal of Medical Virology 2003;70 :497ð505.



HAART-Induced
ŦżƇƂŶŻƂƁŷƅżŴſ ŦƌƂƃŴƇŻƌƑ.

results in several problems, including:

1. Reductions in cytochrome-c oxidase
2. Inhibition of nictotinamide adenine dinucleotide 

(NADPH)ïlinked respiration and NADPH-cytochrome-c 
reductase activity

3. Decreases in mitochondrial deoxyribonucleic acid and 
ribonucleic acid

which ultimately lead to reduced muscle oxygen extraction-
utilization in HIV+ individuals using HAART.

Cade, W.T., Fantry, L.E., Nabar, S.R., Shaw, D.K., & Keyser, R.E. (2003b). Impaired oxygen on -kinetics in persons with human imm unodeficiency virus 
are not due to highly active antiretroviral therapy. Archives of Physical Medicine and Rehabilitation , 84, 18311838.



HAART-Induced
ŦżƇƂŶŻƂƁŷƅżŴſ ŝƌƆŹƈƁŶƇżƂƁƑ.

NRTIs inhibit mitochondrial DNA polymerase Ȃ, which is the only 
polymerase used in mitochondrial DNA replication, and inhibit its 
synthesis, resulting in reduced cellular energy production.

Inhibition of DNA polymerase Ȃand other mitochondrial enzymes can 
gradually lead to mitochondrial dysfunction and cellular toxicity.

The clinical manifestations of NRTI-induced mitochondrial toxicity 
resemble those of inherited mitochondrial diseases (i.e., lactic 
acidosis, myopathy, nephrotoxicity, peripheral neuropathy, and 
pancreatitis). 

The morphologic and metabolic complications of this syndrome are similar 
to those of the mitochondrial disorder known as multiple symmetric 
lipomatosis, suggesting that this too may be related to mitochondrial 
toxicity.

Thomas N. Kakuda.  Pharmacology of Nucleoside and Nucleotide Reverse Transcriptase Inhibitor -Induced Mitochondrial Toxicity. Clinical 
Therapeutics, 22(6);2000:685 -708.



HAART-Induced
ŦżƇƂŶŻƂƁŷƅżŴſ ŝƌƆŹƈƁŶƇżƂƁƑ.

AZT causes an increase in the urinary excretion of 8-
oxo-dG (a marker of oxidative damage to DNA).

AZT also causes oxidation of mitochondrial DNA, 
mitochondrial glutathione, and lipids (measured as 
malondialdehyde).

This oxidative damage may be due to an increased 
peroxide production by muscle mitochondria.

José García de la Asunción, Maria L. del Olmo, Juan Sastre, Arantxa Millán, Antonio Pellín, Federico V. Pallardó, and José Vi ña. AZT Treatment 
Induces Molecular and Ultrastructural Oxidative Damage to Muscle Mitochondria.  Prevention by Antioxidant Vitamins. The Journ al of Clinical 
Investigation,1998;102(1):4 ð9.



In Light of the Cardiovascular  
Problems, What Can Be Done?

1. Altering HAART regimens to determine those that are 
most efficacious for the immune system, while 
lessening the negative impact on the cardiovascular 
system; requires extensive clinical study.

2. Improving dietary habits to reduce saturated and 
trans fat intake, refined and processed sugar, and 
animal proteins

3. Cardiovascular/Aerobic exercise



In the Non-HIV Population, 
ŜŴƅŷżƂƉŴƆŶƈſŴƅ ŞƋŸƅŶżƆŸƑ

Provides many benefits to the spectrum of diseases 
associated with:

coronary artery and cardiovascular disease and the co-
morbid conditions of diabetes and metabolic syndrome

by resulting in a more favorable risk profile (i.e., higher 
levels of HDL, lower LDL and total cholesterol, and lower 
incidence of insulin resistance, glucose intolerance, 
hypertension and lower body fat and body mass index)

Smit, E., Crespo, C. J., Semba, R. D., Jaworowicz, D., Vlahov, D., Ricketts, E. P., Ramirez -Marrero, F. A. and Tang, A. M. (2006 ) 'Physical activity in a 
cohort of HIV -positive and HIV -negative injection drug users', AIDS Care, 18:8, 1040 ð1045.


