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Introduction

According to the World Health Organization (WHO), HIV/AIDS 
prevalence by the end of  2014 was of  36.9 million people. Out of  
this amount, about 1.2 million (4%) died due to the disease, being 
that in developing countries, 20% of  the deaths were attributed 
to cardiovascular events caused by the virus, by the antiretroviral 
therapy as an adverse effect and by know factors that increase 
cardiovascular risk like obesity, sedentary life style, smoking and 
genetic predisposition [1].

Highly active antiretroviral therapy (HAART) access expansion 
and the reduction in the incidence of  HIV infection resulted in 
an accentuated decrease in worldwide mortality related to the 
virus. In 2013 there was a 35% decrease in deaths caused by HIV 
when compared to the year of  2005 and an expressive increase in 
life expectancy. In a study done in North America and Europe, 

published in 2008, the patient that started HAART at 20 years old 
had an increase in life expectancy from 56 years old in 1999 to 69 
years old in 2005 [2].

Although there is a significant increase in life expectancy of  the 
patients, there is still a high rate of  new infections and of  death 
related to the virus. To reduce the morbidity and mortality of  
this disease and stop the HIV epidemic, UNAIDS presented a 
set of  goals known as 90-90-90, in which it was established that 
until the year of  2020, 90% of  people infected by HIV should 
know their serologic status; 90% of  people with a HIV/ AIDS 
diagnosis should receive antiretroviral therapy; and 90% of  
people undergoing treatment should have a undetectable viral 
load, therefore incapable of  transmitting the virus [3].

The number of  people that live with HIV continue to increase due 
to ample access to antiretroviral therapy (ART) which increases 
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Abstract

The number of  people that live with HIV continue to increase due to ample access to antiretroviral therapy (ART) that 
enables a higher life expectancy for the patients. The lipid changes in HIV infected patients include decrease in the high 
density lipoprotein (HDL) and a reduction of  the serum concentration of  LDL, which is associated with an increase in 
levels of  triglycerides and very low density lipoprotein (VLDL). ART promoted great advancements in the reduction of  the 
morbidity and mortality of  individuals with HIV/AIDS. This fact contributed to a significant increase in life expectancy 
and quality of  life of  these people compared to before the development of  ART. ART inherent benefits are undeniable 
and have been demonstrated already in various studies. However, besides the benefits, the adverse effects of  these drugs 
are increasingly notable in each antiretroviral drug class. Metabolic disorders with lipid and glucose profile alterations were 
found in most antiretroviral drug classes, especially in the protease inhibitors (PIs). Such alterations result in an increased 
prevalence of  cardiovascular diseases (CVD), therefore should be analyzed with criteria in all individuals that receive antiret-
roviral treatment. Cardiovascular risk stratification scores are heavily used and despite being useful they present limited 
capability, especially because they do not consider the HIV infection. The treatment of  the lipid profile modifications must 
be primarily based in life style changes, diet and physical exercise and when persistent, pharmacotherapy, notably the statins, 
should be utilized. 
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the life expectancy of  these patients [4]. According to UNAIDS 
in June 2001, only one million people had access to ART. In 
June 2015, this number has increased to more than 15.8 million, 
also increasing the patient undergoing treatment’s life quality 
(LQ). LQ in conjunction with treatment of  AIDS patients and 
pharmacological innovations allows for expansion of  a patient’s 
life span and their wellbeing [5].

Not withstanding the benefits of  HARRT far outweigh the 
potential risks, it is a fact that treatment can result in disorders 
related to adhesion to treatment and toxicity [6]. Studies show 
that specific types of  HAART toxicity added to the effects of  
HIV infection alone are capable to inducing the development of  
lipoatrophy/dystrophy and metabolic syndrome (dyslipidemia, 
insulin resistance associated or not with type 2 diabetes (DM2) 
and increase in blood pressure), being this factor associated with 
an increase cardiovascular disease risk (coronary artery disease 
and cerebrovascular accident) [6, 7].

Therefore, these metabolic alterations are described as 
multifactorial, including the effects of  HIV infection and the 
toxicity of  specific types of  antiretroviral therapy, specially the 
protease inhibitors (PIs), changes in the body and also including 
factors that increase the atherosclerotic risk in patients not 
infected by HIV like genetic factors, diet, use of  alcohol, smoking 
tobacco, obesity and sedentary life style [6, 7].

Regarding the metabolic disorders that occur in HIV infected 
patients, it was found that the main ones are dyslipidemia, that are 
alterations in the lipids’ and lipoproteins’ levels, and lipodystrophy. 
Lipodystrophy are a heterogenic group of  adipose tissue disorders 
characterized by selective alteration of  fat in various body parts. 
The association of  fat redistribution alteration can happen in 
conjunction with metabolic alterations, being this pattern similar 
to the one found in the “metabolic syndrome”. According to 
clinical protocol and treatment guidelines for the management of  
HIV infection in adults, lipodystrophy has an important impact in 
the LQ of  people living with HIV/AIDS, causing them physical, 
psychological and social problems [6].

Two important studies were done to verify the interferences 
of  HAART in patients infected by HIV. The START (Strategic 
Timing of  Antiretroviral Treatment) study, initiated in March 
2011, was conducted by the International Network for Strategic 
initiatives and Global HIV trials (INSIGHT) in 215 places in 35 
countries. The study involved 4,685 men and women. Infected 
by HIV 18 years or older, being the average age 36 years old. The 
participants had never received ART and were recruited with a 
CD4 cell count within the normal range – above 500 cells by cubic 
millimeter (cells/mm3). Approximately half  of  the participants 
of  the study were randomized to initiate antiretroviral therapy 
immediately (early treatment) and the rest were randomized to 
delay the beginning of  therapy until their CD4 cell count was of  
350 cells/mm3 or less. In average, the participants of  this study 
were accompanied during three years [8]. This study showed 
the benefits of  early start of  the HAART, reporting reductions 
in more than 40% in the risk of  death or in developing AIDS 
defining diseases, compared to the start of  treatment when 
the CD4 limits were reached (< 350 cells/(< 350 cells/mm3). 
However, a notable secondary finding of  this study was that the 
immediate start of  HAART did not stop the development of  
cardiovascular diseases (CVD), what seems to contradict various 

evidences that, especially those of  the SMART (Strategies for 
Management of  Antiretroviral Therapy) study [9].

In the SMART study, approximately 5000 patients infected with 
HIV undergoing an established ART, with a CD4 cells count of  
350 or more for continued HAART were randomized against 
individuals that interrupted treatment until the CD4 cell count 
was below 250, when HAART was restarted. Without a doubt, 
the most informative result of  the SMART study was not that 
treatment interruptions increase the risk of  opportunistic 
infections or mortality but, that patients that interrupt HAART 
had an increase of  approximately 70% in the risk of  cardiovascular 
complications [9].

Moreover, the mains cardiovascular events occurred 5 times more 
frequently than opportunistic infections in people that interrupted 
treatment. Another important consideration established in this 
study was that specific antiretroviral drug classes, like the protease 
inhibitors, can be associated with a higher CDV relative risk when 
compared to other classes.

Besides the cases related to cardiovascular diseases like 
Cerebrovascular Accident (CVA) and Acute Myocardial Infarction 
(AMI), there is scientific evidence, presented in the Conference 
on Retroviruses and Opportunistic Infections (CROI) 2016, that 
the increase of  triglycerides and cholesterol secondary to HIV 
is associated with worsening of  the neurocognitive condition in 
virus carriers older than 50 years of  age. This data associated to 
all metabolic disorders mentioned previously, corroborate the 
importance of  constantly doing lipid and glucose control of  the 
patient, to promote better quality of  life [10].

HIV vs. Dyslipidemias/Lipodistrophys

The lipid changes in patient infected by HIV include decrease of  
high density lipoprotein (HDL) levelsand reduction of  the serum 
concentration of  LDL, associate to an increase in the triglycerides 
and very low density lipoprotein (VLDL) levels [7]. This finding 
characterizes the phenotypic profile of  the metabolic syndrome, 
extremely atherogenic due to, among other reasons, the presence 
of  lipoprotein residuals of  VLDL and LDL, small and dense [11].
The effect is amplified by the loss of  the inflammation modulation 
capacity that HDL normally performs in a healthy organism [7].

There are also relevant correlations between the increase in 
plasmatic viral RNA, TCD4+ lymphocyte cell count, the decrease 
of  HDL and LDL and the increase in VLDL. The smaller 
the TCD4 lymphocyte count, the bigger is the triglycerides 
concentration and smaller are the levels of  total cholesterol and 
LDL [12, 13]. However, low HDL concentrations are found 
independent of  the TCD4+ lymphocyte cell count [13][14].

Lipoproteins rich in triglycerides, like chylomicrons, that are 
synthetized in the intestines, and HLD cholesterol, formed in 
the liver, are secreted into the blood plasma. HIV-1 contributes 
to the decrease in HDL when it alters a mediator of  export of  
excess cholesterol from macrophages, the ATP Binding Cassette 
transporter A1 (ABCA-1) [15, 16].

Moreover, inflammation caused by the virus stimulates endothelial 
lipase and phospholipase A2 that diminishes plasma levels of  
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HDL [17]. Additionally, HDL becomes rich in triglycerides in 
situations like hypertriglyceridemia, becoming a substrate more 
avid for hepatic lipase, resulting in the lipoprotein dysfunction. 
 
HIV associated dyslipidemia is very similar to the one observed 
in other chronic infections. Elevated levels of  Gama-Interferon in 
advanced HIV are related to the increase in plasma triglycerides 
due to the decrease in clearance of  lipoproteins rich in triglycerides. 
Similarly, the Tumor necrosis factor α (TNFα) and interleucin-6 
(IL6) are elevated in patients not using HAART and increase even 
more during opportunistic infections. TNFα interferes with the 
metabolism of  free fatty acids and with lipid oxidation, reduces 
insulin mediated lipolysis suppression, causes and increase in the 
platelets activation and also in the production of  reactive oxygen 
species [18].

The patient with HIV also suffers from protein loss and weight 
loss that can contribute to the plasma HDL and LDL reduction 
[15]. 

The HIV virus itself  is responsible for causing alterations 
in the lipid profile in about 50% of  cases, even before the 
beginning of  HAART. This way, the collateral effect of  HAART 
caused dyslipidemia is more pronounced, therefore increasing 
cardiovascular risk of  people living with HIV/AIDS (PLHA) [19].

Furthermore, there are studies that indicate that 7% of  patients 
infected with HIV, that have not started HAART, presented with 
cardiovascular alterations. Among the ones described, it was 
noted that infection by HIV, opportunistic diseases, cancer and 
nutritional deficiencies (vitamin B12 deficiency) cause mainly 
alterations in the myocardium, endocardium and pericardium [20].

Besides dyslipidemia, HAART can also cause other alterations, like 
insulin resistance, hyperglycemia and adipose tissue redistribution. 
This group of  alterations is known as HIV lipodystrophy 
Syndrome (HIVLS). It is important to note that the virus itself  is 
capable of  inducing these alterations. However, this phenomenon 
has been observed more frequently with HAART use, especially 
with the older drugs [21-24].

The virus’ direct action in β pancreatic cells alters the regulation 
function of  the insulin secretion mechanisms. It contributes to 
the glucose intolerance and metabolic syndrome [25].

HIV lipodystrophy it is characterized by the redistribution of  
body fat in HIV positive patients. The clinical manifestations 
of  lipodystrophy are divided in 3 classes: (1) lipoatrophy, (2)
lipohypertrophy and (3) mixed [26]. The first body alteration 
perceived were the accumulation of  fat tissue in the abdominal 
region and in the dorsocervical region, also known as buffalo 
hump [27]. With regards to the lipoatrophy, there is loss of  
peripheral subcutaneous tissue. The upper and lower limbs 
become thinner, the skin becomes attenuated, which allows for 
visualization of  the superficial vasculature, giving the patient a 
pseudo athletic physique [27].

In lipohypertrophy there is anaccumulation of  fat tissue in a 
central or localized region, like abdomen, breasts, dorsocervical 
regions and others regions in a localized manner. The abdomen of  
a patient with lipohypertrophy presents with a distended abdomen 
and the adipose tissue is deposited in the intra-abdominal region, 

viscerally, or in between them. It is observed also an increase 
in intra-abdominal pressure, which predisposes the patient to 
abdominal hernias [27].

Lipohypertrophy occurs mainly in patients with advanced age 
during the beginning of  HAART, with a high BMI and those 
using protease inhibitors [28]. It was observed that lipodystrophy’s 
prevalence in patients using PI is of  64% in men and 10.5% in 
women [23, 29]. The breasts’ increased volume in the female 
patient with lipodystrophy is due to the fat component without 
mandatory association with glandular hypertrophy. Gynecomastia, 
in which there is glandular hypertrophy, and pseudogynecomastia, 
when there is only adipose tissue accumulation, can both occur in 
male patients [27].

Metabolic alterations encompass lipid alterations and changes in 
the glucose cycle. Such alterations can be associated or not to 
anatomic deformities [30, 31]. In male patients the accumulation 
of  adipose tissue was observed in the upper thorax and axillary 
region and also occurred in both genders in the anterior cervical 
region and suprapubic region [32]. However HIV associated 
lipodystrophy is marked, mainly, by inferior lipodystrophy, 
especially in the lower limbs. In these cases there are also 
alterations in the upper body, however to a lesser degree [7].

With regards to bone metabolism it is still not clear if  the loss 
of  mineral bone density is a component of  the lipodystrophy 
syndrome [32]. One of  the complications of  HIVLS is avascular 
necrosis, by hyperlipidemia and the HIV virus pathogenicity 
considered risk factors for femoral head osteonecrosis [33].

A 12 month long prospective analyzes of  366 patients infected 
by HIV showed that, from the beginning of  HAART therapy, 
there was a cumulative incidence of  29% for lipoatrophy, 23% 
for lipohypertrophy and 13% for mixed lipodistrophy. The 
study reinforces the hypothesis that anatomic alterations and 
lipid alterations are common among individuals that initiated 
antiretroviral therapy for the first time. In this analyzes, the use of  
PIs was associated with all types of  lipodystrophy [34].

Independent of  etiology, the factors that promote 
physiopathological alterations in body fat in patients infected by 
HIV promote cellular metabolism alterations and simultaneously 
inhibit normal fat storage in favor of  ectopic deposition of  
visceral fat [35, 36]. The final phenotype, being it lipoatrophic or 
lipohypertrophic, probably depends on the base line quantity of  
body fat as well as on the total energy balance. Those with more 
total body fat before HAART and a positive energy balance can 
present new increase in axial body fat including in the breasts, 
dorsocervical region and visceral, while those with less total body 
fat and negative energy balance can present with a decrease of  
body fat in limbs and face, without ectopic fat deposition (meaning 
visceral fat) [35, 37]. More importantly, however, is that the final 
phenotype, independent of  the initial stages (total fat gain or total 
fat loss), consistently results in a proportional increase in central 
adiposity [35].

HIV/AIDS and HAART

According to the World Health Organization (WHO) the 
antiretroviral therapy shave the potential to reduce morbidity and 
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mortality was well as improve LQ of  people living with HIV/ 
AIDS (PLHA) [38, 39].

HAART is essential for the treatment of  people infected by HIV. 
Each class of  drugs acts in different stages of  the retrovirus life 
cycle therefore stopping viral replication, maintaining the  TCD4+ 
lymphocytes count stable and a the viral load undetectable [39].

However, these drugs, not different than most, are also responsible 
for producing side effects. In adults the treatment with HAART 
is associated with metabolic alterations like lipodystrophy, insulin 
resistance, hyperglycemia and dyslipidemia, with consequent 
elevation of  atherosclerosis risk [40].

In the elderly, other health complications, besides the ones 
described above, can be the resultof  the interaction of  HAART 
with medications utilized to treat other conditions. This is 
particularly true for the elderly that have many comorbidities and 
tend to take two or more medications for different conditions 
concomitantly. Besides the fact that long exposition to HAART 
increases risks for cardiac disease, heart attacks and obesity, 
new research suggests that certain combinations of  HAART 
can cause abnormal bone metabolism, pancreatitis, peripheral 
neuropathy and lactic acid accumulation. Various types of  cancer, 
like Hodgkin’s lymphoma, leukemia, melanoma, mouth cancer, 
lung cancer among others, have a significantly higher incidence 
in elderly HIV positive individuals when compared to the general 
population [41].

Children and teenagers infected by HIV that are treated with 
HAART can have significant improvement in clinical results, 
nutritional status and life quality [42]. However HAART has also 
been associated with undesirable side effects in children, like 
gastrointestinal intolerance, mitochondrial toxicity, lipodystrophy, 
dyslipidemia, retinol and beta-carotene deficiency, therefore being 
high risk for CVD [43, 44].

In pregnant women infected by HIV it is recommended treatment 
with antiretroviral to prevent perinatal transmission of  HIV 
and maintain the mother’s health. Although the benefits of  
HAART during pregnancy are uncontestable, adverse effects, 
including pre-eclampsia, premature labor and low birth weight 
are increasingly associated with HAART, especially the protease 
inhibitors, which hypothetically contribute to alterations in the 
levels of  progesterone, causing the adverse effects [45].

Currently, six classes of  antiretroviral drugs are available in the 
market: nucleoside reverse transcriptase inhibitors (NRTI); Non-
nucleoside reverse transcriptase inhibitor (NNRTI); Protease 
inhibitors (PI); Fusion inhibitors (FI) Integrase inhibitors (II) and 
Entry inhibitors (EI) [46]. Among those, PI, NRTI and NNRTI 
are the most frequently associated, in HIV positive patients, 
with lipodystrophy and alterations in the lipid and the glucose 
metabolism [42].

Protease Inhibitors (Pi): Mechanism Of  Action, 
Glucose Alterations, Lipid Alterations and Side

PIs and mechanism of  action

PIs (Atazanavir, Darunavir, Fosamprenavir, Indinavir, Lopinavir, 

Ritonavir, Saquinavir e Tipranavir) are considered the third 
antiretroviral drugs class [46-48]. In patients infected with HIV, 
various studies identified that the IPs are the drugs responsible 
for the most side effects in the lipid and glucose profile when 
compared  to other classes of  ART [47].

The general mechanism of  action of  PIs results in the blockage 
of  the protease enzyme, stopping its action, interrupting the 
production of  new copies of  HIV infected cells [46].

PIs and glucose alterations

The prevalence of  hyperglycemia and diabetes mellitus is 
significantly higher in the population that uses HAART than 
in the general population. Insulin resistance (IR) is common 
in HIV positive individuals, mainly among those that receive 
PIs and among those that developed lipoatrophy or visceral fat 
accumulation. Data from the Multicenter AIDS Cohort Study 
(MACS) showed a risk of  developing DM four times higherin 
HIV positive individual than in those not infected by HIV [6].

Therapies containing PIs, alter the glucose metabolism by two 
distinct mechanisms. The first is due to the drug direct effect and 
the second occurs as a result of  long term therapy, which leads 
to lipodystrophy. PIs act directly in the induction of  peripheral 
insulin resistance in the skeletal muscle and adipose tissue, 
causing deterioration in the beta cells ability to compensate these 
alterations. It can also act directly in the GLUT-4, hindering 
glucose homeostasis [6].

The IPs as a drug class, however, doesnot interfere equally in the 
glucose elimination. In studies done with rat adipocytes all glucose 
capture was inhibited, being the drug used APV (amprenavir), 
RTV (ritonavir) or the more adequate therapeutic combination 
LPV (lopinavir) with RTV. However there was no inhibition with 
the use of  ATV (atazanavir) when compared with controls in 
therapeutic concentrations in a euglycemic state [35].

This data are of  utmost importance seeing that hyperglycemia is a 
risk factor for various pathologies, including CVD [6].

PIs and lipid alterations

Carr and cols developed a theory that relates homology among the 
proteins involved in the lipid metabolism: CRABP-1 (Cytoplasmic 
Retinoic-Acid Binding Protein Type 1) and LRP (Low Density 
Lipoprotein-Receptor Related Protein) and the place where the 
protease inhibitor binds, its catalytic site. Based on this theory, IPs 
inhibit important stages of  human metabolism since they inhibit 
the action of  CRABP-1 and bind to LRP, what diminishes Apo 
B-100 rich lipoprotein capture, resulting in hyperlipidemia [49, 
50].

When IPs occupied CRBP-1’s binding site, it interrupts retinoic 
acid metabolization and decrease activity of  PPAR-γ (Peroxisome-
proliferator-activated receptor type gamma). This receptor is 
important in the differentiation and apoptosis of  adipocytes and 
improves the peripheral insulin sensitivity. These occurrences 
lead to hyperlipidemia by the reduction of  peripheral storage and 
increase in the lipid liberation into the blood stream [49, 50].

Studies show that not only the inflammatory state due to HIV 
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infection, but also the treatment with IPs are responsible by the 
trigger that deflagrates the answers to cellular stress, leading to 
adverse effects in the intermediate metabolism. The physiological 
result is the creation of  a decrease in the adipocytes total storage 
capacity and the remaining ones become resistant to additional 
fat storage. Therefore, the lipid metabolites in excess in the 
circulation that were normally absorbed by the adipose tissue 
are deposited ectopically in lean tissue (muscles and liver), where 
it hinges insulin action. This process takes a pathological cycle 
of  lipotoxicity and lipoatrophy and a clinical phenotype of  fat 
distribution with a high waist-hips ratio, similar to the metabolic 
syndrome [35].

PIs and the side effects

Indinavir: Even though it is not a medication that is amply used 
nowadays, in studies done with individuals not infected with HIV, 
indinavir, when evaluated for a period of  four weeks, promoted 
an increase in the glucose levels and a reduction of  20% in insulin 
sensibility. Schwarz and cols also presented a reduction of  17% in 
insulin sensibility with an increase in the production of  glucose 
and in glycogenolysis, showing that indinavir induces peripheral 
insulin resistance and increase the production of  endogenous 
glucose. It is noted that this state might be associated with the 
HIV infection, probably due to the virus direct action that 
interferes with the function of  the beta pancreatic cells or in the 
insulin’s mechanism of  action [49].

Lopinavir/ritonavir (Lop/R): With the objective of  
determining the effects of  Lop/R in the physical performance and 
body composition, WONG et al., (2013) did studies in overweight 
older rats. Initially they evaluated the animals’ prehensile strength 
before and after seven weeks of  treatment with Lop/R. These 
rats, compared to the control group, showed a decrease in 
their prehensile strength in the same time period, resulting in a 
significant difference of  14% between the two groups. Other 
parameters analyzed the maximum velocity reached by the rats in 
a rotarod. The ones that received Lop/R obtained substantially 
inferior velocities than the control animals. Therefore, with the 
obtained data it was concluded that long term treatment with 
Lop/R can be prejudicial to physical strength and can reduce the 
level of  physical and metabolic activity of  its users [51].

Lop/R and other PIs can cause an acute but reversible inhibition 
of  glucose capture stimulated by insulin. To evaluate the effects 
of  the long term use of  the drug on insulin resistance, insulin 
tolerance and glucose tests were done in animals. Both the control 
and animals treated with Lop/R had similar fasting glucose 
concentrations (150-165 mg/dL) and non-fasting (175-189 mg/
dL). Therefore, it was identified that Lop/R does not affect 
glucose and insulin tolerance. These results are also compatible to 
clinical observations in humans [51].

There was an increase of  liver weight in rats treated with Lop/R 
but triglycerides concentrations both in liver and serum were 
similar in both groups. These results is somewhat unexpected 
based on previous studies in rodents, but compatible with clinical 
reports that showed that more than 90% of  patients that take 
Lop/R did not have an important increase of  lipids level (<12%) 
[51].

Darunavir/ritonavir: Ritonavir boosted darunavir was generally 

well tolerated in sick patients with HIV-infections in clinical 
trials, being most adverse events non-severe. In a analyzes of  48 
weeks, the side effects associated with one or two daily doses of  
darunavir/ritonavir were diarrhea, nausea, headache, nasopharynx 
infections. The most common effect in patients submitted to 
treatment included increase of  triglycerides and total cholesterol 
[52, 53].

Considering the protease inhibitor that were analyzed, it was 
concluded that most, some more than others, are capable of  
inducing undesirable alterations in the lipid profile of  HIV 
infected patients. In particular, dyslipidemia occurs approximately 
in 70%-80% of  patients with HIV receiving HAART and it 
has been associated with all the available PIs. Given the current 
necessity of  life long therapy, long term toxicity considerations, 
such as hyperlipidemia and lipodystrophy, are becoming more 
important when considering different treatments. New drugs, so 
to have a higher probability of  finding a place in HIV treatment, 
must have a high bioavailability, low resistance, more potency, few 
side effects and a low rate of  long term complications [54, 55].

Atazanavir (ATZ): Atazanavir is a drug release in 2004 and is 
characterized by being a potent and safe azapeptide PI with a 
high inhibitory quotientand a pharmacokinetic profile that allows 
for a daily single dose administration. In contrast with other PIs, 
ATZ is  not associated with an increase in total cholesterol, LDL 
and triglycerides level. Therefore, in patients with lipid profile 
alterations using other PIs, the change to AZT is recommended 
as a viable option to improve the atherogenic lipid profile, 
maintaining virological control [56].

In this regard, the multiple mechanismsof  the PIs in the 
development of  lipid and glucose abnormalities should always 
be considered when choosing treatment in an individual bases 
because each patient’s characteristics like age, gender, tobacco use, 
family history of  cardiovascular diseases and high total cholesterol, 
can be determinants for the severity of  metabolic alterations of  
patients and, consequently, for their quality of  life [42, 47].

Nucleoside Reverse Transcriptase Inhibitors 
(NRTI)

The NRTIs lead to cellular mitochondrial toxicity by inhibiting 
DNA-polymerase γ, an enzyme responsible for mitochondrial 
DNA synthesis and that acts regulating the respiratory chain. The 
thymidine analogues (zidovudine - AZT and stavudine - d4T), 
are involved with the reduction of  peripheral fat, what can cause 
lipoatrophy, since the mitochondrial toxicity alter adipogenesis 
and lipogenesis, increasing also the oxidative stress and the 
production of  adiponectin, leptin and proinflammatory cytokines 
(IL-6, monocyte chemotactic protein 1 – MCP1) [48, 57].

The NRTIs reduce lipid reserves, leading to the development of  
insulin resistance (IR) in addition to the main clinical findings, 
the presence of  peripheral lipoatrophy and triglycerides level 
alterations. Others NRTIs, although can also lead to mitochondrial 
toxicity mediated cellular damage, like didanosine (peripheral 
neuropathy, pancreatitis and hyperlactatemia) and tenofovir (renal 
tubular toxicity), are not associated with adipose tissue toxicity 
[48].
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The effects of  treatment with tenofovir indicate the lipid lowering 
action of  this NRTI, which makes it different from other drugs 
belonging to the same substitution class. Its use can be a useful 
strategy to improve dyslipidemic patient’s lipid profile, especially 
triglycerides levels and consequently there is a reduction of  
cardiovascular risk for HIV infected children. The change from 
stavudine to tenofovir is virologically and immunologically safe 
and allows for a significant improvement in the lipid profile [48].

Non - Nucleoside Reverse Transcriptase Inhibitor 
(NNRTI)

Traditionally, the NNRTIs are not considered to be lipodystrophy 
causing agents. Recent data associates efavirenz (EFZ) with 
lipoatrophy due to the decrease in the SREBP-1 (sterol regulatory 
element - binding protein 1) expression [57].

These data explain Souza’s (2013) affirmation, which indicates 
that lipid profile alterations are not as evident in patients utilizing 
a combination of  tenofovir and lamivudine in comparison to 
those using zidovudine and lamivudine, stavudine and lamivudine 
or didanosine and lamivudine with the finding of  lower LDL-C, 
total cholesterol and triglycerides serum concentration. 

Recent information from D:A:D: (Data Collection on Adverse 
Events of  Anti-HIV Drugs Study) reinforce the theory that 
HAART therapy with NNRTI is associated to a modest increase 
in triglycerides levels, however do not increase LDL-C and do not 
cause a reduction in the HDL-C levels [6, 58].

Cardiovascular Risk Stratification

The D:A:D: multi-cohort study investigates the incidence of  
cerebrovascular and cardiovascular accidents in HIV infected 
patients with the association of  cardiovascular disease risk factors 
and HAART. A paper published in 2007 by the group confirmed 
the existence of  an association between the duration of  
antiretroviral therapy and an increase risk of  suffering  myocardial 
infarction with an adjusted relative risk of  1.16 per year of  
exposition to therapy ({IC 95%}: 1.09-1,23). The incidence of  MI 
was of  1.53/1.000 people-year for those who were not exposed to 
PIs and  of  6.01/1.000 people year for those exposed to PIs. This 
study indicated an increase of  26%  in the estimated myocardial 
infarction per year of  HAART containing PI exposition [49].

Clinical scores are very utilizes to determine the cardiovascular 
risk being the Framingham score one of  the most used to identify 
cardiovascular risk and it uses blood pressure, total cholesterol 
or LDL-cholesterol to do the calculations. Age, tobacco use, 
diabetes and HDL-cholesterol are  alsovariables considered in the 
calculations. There is a table specific for men and one for women 
[59].

However, although they are very useful, clinical scores when used 
alone present a limited cardiovascular risk stratification capacity 
in a significant portion of  the general population. In fact, these 
limitations are even more significant in younger patients and 
women. It is in this context that some laboratorial and image tests, 
among them the coronary calcium score (CS), can perform an 
important role as a complementary tool to the clinical scores in 
the risk stratifications of  asymptomatic patients [60].

In a study with HIV positive patients there was no significant 
association between and elevated Framingham score and a positive 
calcium score. Therefore, it can be inferred that Framingham 
score is not the best tool to determine the cardiovascular risk in 
this specific population [61].

Atherosclerosis detected by the calcium score was significantly 
higher only in patients that were undergoing antiretroviral therapy 
for at least 8 years, which is the time period for this disease’s 
development [61].

Another cardiovascular risk marker that has still to be carefully 
evaluated in HIV infected patients is the apoB/apoA1 ratio. The 
Ding et al., 2014 study with a non HIV infected population showed 
that an increase in this ratio is associated with an increased risk 
for cardiovascular diseases. It has been suggested that the apoB/ 
apoA1 ratio can be considered a tool to adjust the risk evaluation 
and therefore the therapy objectives. This ratio can be valuable to 
determine the risk or the response to treatment of  HIV infected 
patients [62, 63].

It is easily notable that the current cardiovascular risk scores do 
not consider HIV infection and antiretroviral therapy use, being 
that the HIV positive individuals are a population that possesses 
a disproportionate atherosclerotic risk and lipid levels due to the 
inflammatory process imminent to the viral infection. 

Nonpharmacologic Therapy

The nonpharmacologic treatment measures must be the first 
option, meaning, changes in life style, including following a diet 
plan, an exercise plan and if  the metabolic alterations persist, 
initiate pharmacologic therapy, however with extreme caution. 
[49].

Omega-3 supplementation initially showed some improvement 
of  the lipid profile, however recent meta-analysis showed that 
there is no benefit with regards to a decrease in cardiovascular 
events, coronary events and mortality [64].

Life style modifications, including diet and exercise, presented 
a significant reduction of  lipodystrophy [65]. In general it can 
be verified that exercise has a benefic effect in improving lipid 
parameters and in central adiposity [66].

Randomized controlled studies need to be developed to elucidate 
the nutritional treatment of  dyslipidemias, lipodistrophy, insulin 
resistance and high systemic blood pressure in PLHA using 
HAART [65].

Silva et al., 2014 observed that the group that consumed food 
considered “good” presented high HDL levels in comparison to 
the group that consumed “bad” food. The results showed the 
importance of  diet and adequate ingestion as a protection factor 
and concluded that an unbalanced diet increases the risk for 
cardiovascular diseases in HIV positive patients [67].

There is a lack of  studies that evaluate the effect of  physical 
training and adequate nutrition with the estimated coronary risk 
in patients infected with HIV that use HAART. A study analyzed 
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a prevention program composed by controlled diet, physical 
training and cessation of  tobacco use with the coronary risk 
estimation in 10 years. It was observed that after 6 months of  
the programs establishment there was a reduction form 92% to 
27.6% of  the coronary risk in patient with high cardiovascular 
risk [68].

Pharmacological Therapy

The benefic effects of  statins in the cholesterol metabolism in 
the general populationare already confirmed. Statins significantly 
reduce total cholesterol (TC), LDL and triglycerides that ate strong 
independent predictors of  cardiovascular events. This reduction 
can improve the cardiovascular prognosis of  these patients. 
Combined with nonpharmacologic interventions like diet and 
commutations in antiretroviral therapy, even though there is a 
pharmacokinetic interaction risk (especially with PIs), statins and 
antiretroviral therapy are efficient and safe when simultaneously 
administered, representing an important part of  the dyslipidemia 
treatment [69].

The most critical aspect of  statin use in HIV positive patients is the 
safety of  its administration combined with antiretroviral therapy, 
due to innumerous interaction between these drugs. PIs inhibit 
the CYP3A4 enzyme what increases the serum concentration of  
the statin, especially simvastatin and lovastatin, elevating the drug 
toxicity risk. Nonetheless, NNRTIs are CYP3A4 inductors and 
can diminish plasmatic concentrations of  the statins [69].

In case of  concomitant administration of  statins and antiretroviral 
therapy, the monitoring of  renal function, liver enzymes and 
creatine phosphokinase (CPK) is fundamental due to the 
strengthening of  the nephrotoxic, hepatotoxic and myotoxic 
effects of  these medications [49]. Some studies with HAART 
did no show a significant interaction with statins in relation to 
adverse effects, corroborated by the fact that use of  statins with 
adequate dose control and efficient monitoring can be used in a 
safe manner [69].

In patients that use ART, statins prescribe for primary prevention 
present a good security profile and were efficient in improving 
dyslipidemia. Rosuvastatin showed vast reductions of  TC, LDL 
and triglycerides and a significant increase of  HDL. Pravastatin 
slightly diminished the levels of  TC, LDL and triglycerides but 
it was not capable of  significantly increasing HDL. Atorvastatin 
showed controversial safety results and while there is no new 
evidence, its prescription and use must be rigorously monitored. 
Sinvastatin, even though it is safe and efficient, should not be 
concomitantly prescribed with PIs, due to pharmacological 
interactions. Fluvastatin seems to be safe and efficient, although 
the results were based in a single study [69].

Due to difficulties of  attaining the lipid goals in patients with 
HIV, the use of  combined therapy must be considered. In 
clinical practice, the fibrates are added to the treatment when 
the triglyceride levels are too high or, more frequently, when 
the monotherapy with statin did not reach good results. The 
combination of  fibrates and statins is included in the guidelines 
for the general population as well as for HIV positive patients, 
however, in this last group, there must be awareness about the 
increased risk for side effects [70]. Domingos et al., affirmed that 

the pharmacological profiles of  ciprofibrate and rosuvastatin are 
adequately efficient in reducing triglycerides and total cholesterol, 
are adequately safe and tolerable, being considered effective in 
controlling dyslipidemia secondary to HAART [71].

Combined therapy with fenofibrate and pravastatin for HIV 
related dyslipidemia, provides substantial improvements in the 
lipid parameters and it appears to be safe. The International AIDS 
society USA panel recommends pravastatin and atorvastatin as 
first choice agents [72].

Ezetimibe is an efficient and safe drug for the reduction of  
lipids in dyslipidemia in HIV positive patients, being able to 
be used in patients with a weak response to statins. Moreover, 
the combination of  statin and ezetimibe is efficient and safe in 
these patients [72]. According to Saeedi et al., the association of  
ezetimibe and rosuvastatin was well tolerated, with improvement 
in the safety profile and biochemistry, with low drug interaction 
probability between ezetimibe and ART. This treatment also 
obtained reduction of  the apoB/ apoA1 ratio. Grandi et al., 
affirms that the 6 month treatment with ezetimibe and fenofibrate 
is well tolerated and as efficient as pravastatin in the reduction 
of  LDL cholesterol. It also shows the capability of  reducing 
triglycerides level and increasing HDL, commonly unaltered with 
a pravastatin monotherapy [70].

Conclusion

Presently, it is verified that HIV infection and the use of  ART 
can contribute to an increase in the cardiovascular risk of  patients 
infected by HIV. Various studies are done about the theme 
however new research is necessary to elucidate the metabolic 
alterations that occur by the HIV intrinsic inflammatory process 
and by the side effects of  ART. Additionally, cardiovascular 
risk stratification scores currently do not contemplate HIV 
infection as an additional risk factor for cardiovascular diseases. 
This should be implemented, once the infection leads to an 
atherosclerotic risk disproportional to the lipid levels due to the 
installed inflammatory process. A more detailed and accurate 
knowledge about the cardiovascular risk of  these patients will 
allow for a better treatment plan, being it life style changes with 
controlled diet and exercise or the use of  statins in monotherapy 
or in association with other drugs, aiming for a better quality of  
life for these patients and less morbidity and mortality. 
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