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Abstract: The development of antiretroviral drugs has significantly changed the perception
of HIV/AIDS from a very fatal to a chronic and potentially manageable disease, and the availability and administration of antiretroviral therapy (ART) has significantly reduced mortality
and morbidity associated with HIV and AIDS. There is a relationship between ART and quality
of life of people living with HIV and AIDS, and several studies have reported a strong positive
association between ART and improved quality of life in different domains among people living with HIV and AIDS in both developed and developing countries. However, a few studies
have reported on the negative effects of ART, which directly or indirectly relate to the quality
of life and longevity of HIV-infected persons. In this review, the effects and benefits of ART
on people living with HIV and AIDS based on studies done in developed and developing
countries is examined.
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In July 2008, the Joint United Nations Programme on HIV/AIDS (UNAIDS) reported
that by December 2007, there were an estimated 33.0 million people globally living
with HIV infection. It also stated that the number of cases of new HIV infections had
decreased from 3.0 million in 2001 to 2.7 million in 2007. The report showed that
2.0 million people died globally due to AIDS-related disease in 2007, compared with
an estimated 1.7 million AIDS-related deaths in 2001. The report further stated that
although the percentage of people who are living with HIV appeared to have stabilized,
the overall number of people living with HIV infection had steadily increased, as new
HIV infections occur on a yearly basis. According to the UNAIDS report, Southern
Africa continues to bear a disproportionate burden of HIV infection, with 35% of
HIV infection and 38% of AIDS-related deaths reported in Southern Africa in 2007.
In total, sub–Saharan Africa is reported to be home to 67% of all people living with
HIV.1 As the HIV/AIDS pandemic continues to expand, especially in developing
countries, the moral obligation to provide safe and efficient antiretroviral treatment has
become apparent to both national and international health-care communities. Standard
antiretroviral therapy (ART) consists of the use of at least three antiretroviral (ARV)
drugs to suppress maximally the HIV and stop the progression of HIV disease. There
have been significant reductions seen in the rates of death and suffering following the
use of a potent ARV regimen. The World Health Organization (WHO) and UNAIDS
estimate that at least 14.6 million people were in need of antiretroviral therapy in 2009.
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As of the end of 2009, 5.25 million people had access to antiretroviral therapy in low- and middle-income countries.

Antiretroviral therapy: general
background
Access to ARV drugs is increasing among people living with
HIV and AIDS in developing countries due to local, national,
and international efforts.2 Potent combination ART, mainly
consisting of three or more ARV drugs, has greatly improved
the health and survival rates of HIV-infected patients in areas
of the world with access to ARVs. More than 20 individual
ARVs in six classes are available in the United States, in addition to several fixed-dose combination preparations. These
can be combined to construct a number of effective regimens
for initial and subsequent therapy. Although ART has its
limitations, it saves lives and improves immune system function, reduces the risk of many HIV-related and “non-AIDS”
complications, and reduces the risk of HIV transmission.
Increasingly, several lines of evidence point to the benefit
of ART even for patients with high CD4 counts.3
The mortality and morbidity benefits of ART are obvious
in patients with relatively advanced immune suppression or
with symptoms related to HIV infection. For asymptomatic
patients with higher CD4 counts (eg, .350 cells/mm3), the
question of when to initiate ART remains an area of research
and debate. However, it is known that there is a spectrum of
risk for adverse outcomes that increases as the CD4 count
declines. In persons with CD4 counts of ,200 cells/µL,
effective ART dramatically decreases morbidity and mortality. For persons with CD4 counts of 200–350 cells/mm3, data
from randomized controlled studies as well as cohort studies
also demonstrate a reduction in both AIDS and non-AIDS
events among those who start ART. A variety of data from
observational cohort studies show a reduction in death as
well as in AIDS and non-AIDS related complications among
persons who start ART with CD4 counts of .350 cells/µL
rather than ,350 cells/mm3.4,5

Classes of ART and mechanisms
of action
ARVs have been shown to reduce significantly the rate of
replication of HIV in the body of an HIV-infected person.
Although ART does not completely destroy the virus and cannot cure the infection/disease, it can however greatly decrease
the viral load and significantly slow the progression of the
disease, thereby increasing life expectancy and improving the
quality of life of people living with HIV and AIDS. ART is
not required by all people living with HIV and AIDS at all
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stages of HIV infection, but ART is recommended when the
CD4 is less than 350 cells/mm3. ART provides effective treatment options for treatment-naive and treatment-experienced
patients. Six classes of antiretroviral agents currently exist:
nucleoside/nucleotide reverse-transcriptase inhibitors
(NRTIs), nonnucleoside reverse transcriptase inhibitors
(NNRTIs), protease inhibitors (PIs), integrase inhibitors,
fusion inhibitors, and chemokine receptor antagonists. Each
class of ART targets a different step in the viral life cycle as
the virus infects a CD4+ T lymphocyte or other target cells.
The use of these agents in clinical practice is dictated by their
ease or complexity of use, effect profile, efficacy based on
clinical evidence, practice guidelines, and clinician preference.6 The NRTIs were the first agents available for the treatment of HIV infection. Although NRTIs have been found to
be less potent against HIV than NNRTIs and PIs, the NRTIs
have had a principal role in ARV treatment, remain part of
the current standard of care, and have been shown to exhibit
activity against HIV-1 and HIV-2.3,6,7
When HIV infects a cell, the viral RNA is converted into
viral DNA and is then copied into the host cell’s DNA by
an enzyme called reverse transcriptase. The viral DNA then
instructs the cell to make copies of HIV genetic material. The
protease enzyme assembles the copied viral genetic material
into new viruses, after which they are released from the cell
to infect other cells.3,6
The first class of ARV reverse-transcriptase inhibitors
operates early in the HIV life cycle to stop viral replication following HIV infection. There are two types of these
drugs: NNRTIs and NRTIs. Usually, NNRTIs bind to the
reverse transcriptase enzyme and prevent the HIV RNA
from converting to DNA, thereby preventing it from being
copied into the cell’s DNA, while the NRTIs incorporate
into the viral DNA and prevent it from producing copies
of the virus. NRTIs interrupt the HIV replication cycle via
competitive inhibition of HIV reverse transcriptase and
termination of the DNA chain.8 Reverse transcriptase is an
HIV-specific DNA polymerase that allows HIV RNA to be
transcribed into single-strand and ultimately double-strand
proviral DNA and incorporated into the host-cell genome.
It is known that proviral DNA chain elongation is necessary
before genome incorporation can occur and is accomplished
by the addition of purine and pyrimidine nucleosides to the
3' end of the growing chain. NRTIs are structurally similar
to the DNA nucleoside bases and become incorporated into
the proviral DNA chain, which results in the termination of
proviral DNA formation.9 The PIs operate later in the life
cycle of HIV and are designed to stop the protease enzyme
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from assembling the new HIV material to be released to
infect other cells.9

Effects of ART on quality of life of
people living with HIV and AIDS
The use of ART has become the cornerstone of the clinical
intervention that is available to prevent transmission and
slow progression of HIV infection in individuals living with
HIV/AIDS. Interestingly, efforts have begun for a significant
scaling up of the use of ART in developing countries, such
as those in sub–Saharan Africa, where the epidemic has had
its most devastating impact. However, questions have been
raised about the use of ART and how it affects the quality
of life (QOL) of people living with HIV and AIDS, either
negatively or positively. In this review, I examined the effects
of ART on the QOL of people living with HIV and AIDS, and
how ART has improved the QOL of HIV/AIDS patients.
QOL refers to the degree of excellence in a person’s life
at any given period that contributes to satisfaction and happiness of the person and benefits society. QOL is multifaceted, incorporating physical, material, psychological, social,
and spiritual well-being.11,12 It is also important to note that
QOL relates both to adequacy of material circumstances and
feeling about these circumstances. It is said to include overall
feelings of well-being that are closely related to moral happiness and satisfaction.10 In addition, as health is generally seen
as one of the most important determinants of overall QOL,
it has been suggested that QOL may be uniquely affected by
specific disease such as HIV/AIDS.11
Reports have shown that HIV/AIDS patients face various
psychological problems, such as stigma, poverty, depression,
substance abuse, and cultural beliefs, which can affect their
QOL not only from the view of physical health but also from
that of mental and social health, which can cause problems
that affect important activities and interests of the persons.12
In a study that examined coping, social life, and QOL among
HIV/AIDS patients, it was observed that income, emotional,
social support, and problem- and perception-oriented coping were related to QOL.13 Another study conducted by
Swindells et al14 on the relationship between HIV infection
and the QOL of HIV-infected persons showed that QOL was
influenced by satisfaction with social support and coping
style. The development of ART has shifted the perception of
HIV/AIDS from a fatal to a chronic and potentially manageable disease. ART is capable of improving survival, reducing the occurrence of HIV-related opportunistic infections,
and improving patients’ QOL.15 Clinical improvement of
HIV-infected patients under ART has often been measured
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by reduction in mortality, opportunistic infection rates, or
severe AIDS-related symptoms.16 However, overall assessments of QOL among people living with HIV/AIDS have
also become a major focus of interest as more efficacious
and simpler regimen treatments have become available. Scientifically and clinically, ART has been shown to be highly
effective and has the ability to effect significant benefits,
which in spite of some negative effects have a positive
global impact on the QOL and general health of people
living with HIV and AIDS.17 According to Mannheimer
et al,18 significant improvements in mean QOL were seen
in HIV patients enrolled at two multicenter antiretroviral
clinical trials after 1 and 4 months on new ART regimens,
and the improvements persisted for 12 months. In a study
by Campos et al,19 by using a single facet of the WHOQOLBREF instrument, they were able to assess patients’ QOL
for 4 months after initiating ART based on the individuals’
perceptions, values, and preferences, and they found that a
high proportion of the patients reported good or very good
QOL after about 4 months of ART (66.4%) and noticed a
significant difference when compared to the baseline values
before initiating ART treatment. Overall self-perception
of QOL has been shown to be a useful screening item for
assessing global QOL, and a lower proportion of good and
very good QOL has been observed in HIV/AIDS patients
who are not seeking primary health services, compared to
individuals who have sought primary health services.20,21,22
Previous studies have suggested that a better perception of
QOL at baseline is a strong predictor of better QOL after
initiating ART, which may relate to a potential carryover
effect during the course of treatment.23,24 Also, patients with
worse QOL at baseline could have higher proportions of
anxiety and depression symptoms as well as worse clinical
condition for AIDS, and this could negatively affect QOL
at follow-up, independent of adherence to ART.
The impact of psychiatric symptoms on the QOL of
patients with HIV/AIDS has been reported.25,26 Chan et al27
described a significant reduction in psychiatric symptoms
when comparing different treatment groups in a representative sample of HIV-infected patients receiving care in the
US, including patients receiving ART at baseline, follow-up
patients, patients who initiated ART at baseline, patients who
were on ART only at baseline, and patients who were not on
ART, and showed that ART potentially improves QOL and
contributes to enhanced treatment via better adherence to
ART. Treatment-related factors were identified to be barriers to a good QOL, and this is consistent with literature that
indicates that maintaining the same ART regimen during
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the follow-up period and shows a better QOL than using
different ART.22,28
Adherence is a critical component for therapeutic success
in HIV infection, while improved QOL has been recognized
as an important outcome from treatment of HIV; however,
adherence to ART has been shown to be the main determinant
of biological outcome measures in HIV, including HIV RNA
level, CD4 lymphocyte count and genotypic resistance.29,30,31,32
Adherence has also been found to predict clinical outcome
measures in HIV/AIDS patients as well as mortality, AIDS
progression, and hospitalization.33,34 The association between
QOL and adherence has not been well studied, but ART
adherence is known to contribute to the QOL of people living
with HIV and AIDS, and QOL is in turn believed to positively
influence adherence, as persons with better QOL may have a
greater ability to adhere to their ART regimens; studies have
also shown that adherence and QOL share some determinants.
Both QOL and adherence have been shown to be associated
with HIV RNA levels, HIV disease stage, and symptoms.
QOL and ART adherence share an inverse relationship with
HIV RNA levels: lower adherence rates predict higher HIV
RNA levels, and this virological failure has been associated
with lower QOL scores.30,35,36 According to Mannheimer et al,18
participants who reported 100% ART adherence achieved
significantly higher QOL scores at 12 months of follow-up
when compared to those with poorer ART adherence, and
QOL improved with ART treatment and ART adherence.37
In the same study, it was demonstrated that QOL improved
over time in 1000 HIV-infected persons receiving ART and
the improvement was sustained over the 12-month period of
ART treatment, but that the improvement was most significant
among participants with the highest adherence levels. In a
cross-sectional analysis of their results at 4, 8, and 12 months
after initiation of ART regimens, significant differences were
seen at 4 months for the mental component of the QOL score
and at 12 months for both the mental and physical components
and in seven of the QOL domains. In each case, those who
reported 100% adherence had the greatest gains, those with
80%–99% adherence levels had smaller benefits, and those
with , 80% adherence had lower QOL scores than at baseline.
In this same study, male gender was also found to be associated with an improved physical component of QOL. However,
the authors reported that this was not related to differences in
access to ART treatment, as all patients received ART treatment. The underlying cause for this gender difference remains
unclear and may require further study.
Education, an indicator of socioeconomic status, has also
been shown to influence QOL of people living with HIV and
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AIDS. Reports have shown that patients with higher education reported better QOL, possibly due to better knowledge
about their treatment and disease, access to health services, or
functional status.38,39 In this author’s opinion, this suggests that
ART works in combination with such other factors as education and socioeconomic status to effect the desired improvement in the QOL of people living with HIV and AIDS.
In a South African study conducted by Wouters et al,40
among 268 patients enrolled in South Africa’s public sector
ART program for 12 months, it was reported that the physical
and emotional QOL of the respondents was high and that the
improved QOL observed was sustained over the 12-month
study period. The study also evaluated the impact of adverse
effects of medication on the patients’ physical and emotional
QOL, and reported that although adverse effects to ART
significantly and negatively influenced patients’ physical and
emotional QOL, their longitudinal data showed that patients
reported significantly fewer adverse effects at follow-up than
at baseline. The most cited adverse effects (dizziness, nausea,
and skin problems) were related to mild toxicity, which does
not require the discontinuation of ART, and adverse effects
decrease over time.
Improvement in the QOL domains of cognitive function,
physical health, social activities, pain, sleep, feelings, and
emotions following ART treatment has been reported.41 It has
been demonstrated that patients with higher CD4 counts had
better QOL, especially with regard to physical health.42,43,44
Wu et al45 and Ware et al46 also reported similar findings,
whereas Paton et al47 found that the differences between the
disease stages and correlations with CD4 counts extended
to nearly all the subscales of physical and mental health.
However, some investigators have reported absence of a
clear association between scores on psychological domains
and the stages of HIV infection, thus signifying the need to
combine ART with psychological intervention.48,49
Studies from Europe and North America indicate that
HIV-infected women frequently become pregnant, and most
HIV-infected individuals have fertility desires that change
over time.50,51,52 A study in Africa indicated that HIV might
modify desires but does not eliminate the desire to have
children, and that ART use may be associated with increased
fertility desires among HIV-infected women, possibly
through increased hopes and planning for the future.52 The
general consensus is that HIV care and ART treatment do
encourage HIV-infected women to fall pregnant, because of
the belief that it would reduce the risk of vertical transmission of HIV, and to avoid the use of potentially teratogenic
drugs, thus ensuring optimal outcomes in these women and
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their children. A study by Myer et al53 showed a significant
association between the use of ART and increased incidence
of pregnancy. The authors noted that within 4 years of followup, one-third of women who initiated ART experienced a
pregnancy, highlighting the fact that ART could improve
the QOL of people living with HIV and AIDS, including
HIV-infected women who wish to have children.53 A series
of biological and behavioral factors may influence the association between the use of ART and increased incidence of
pregnancy. It is possible that the rapid improvements in health
and QOL that take place with ART initiation led to increased
sexual activity, especially for those with stable partners.54,55
Improving health with ART use may contribute to increased
fertility desires through psychological mechanisms of
increased hopefulness about the future and improved mental
health, as well as through increase in sexual activity and new
partner acquisition.54 It is also possible that improvements
in immunological functioning with ART increase female
fecundity compared to pre-ART levels.
A study conducted by Kabue et al56 showed that ART
improves the growth and survival of HIV-infected individuals.
To confirm this, the authors designed a retrospective cohort
study to assess clinical factors associated with growth in HIVinfected children on ART in Uganda between July 2003 and
March 2006. Height and weight measurements taken pre- and
post-ART initiation for at least 6 months were age- and genderstandardized according to Centers for Disease Control and
Prevention criteria, and medical records of 749 children receiving ART were analyzed. Descriptive and logistic regression
analyses were conducted to identify covariates associated with
the risk of either stunting or being underweight. Longitudinal
regression analysis with a mixed model using autoregressive
covariance structure was used to compare change in height and
weight before and after initiation of ART. The mean age of the
study population at first visit was reported as 7.5 years, while
mean height-for-age, weight-for-age, and weight-for-height
percentiles at first visit were 8.6, 7.7, and 7.9, respectively. At
last visit, mean height-for-age, weight-for-age, and weightfor-height percentiles were 8.6, 13.3, and 13.8, respectively.
A baseline weight-for-age Z-score of 1 or more was protective
against stunting (odds ratio [OR] 0.25, confidence interval
[CI] 0.18–0.35), while a baseline height-for-age Z-score of 1
or more was protective against becoming underweight (OR
0.75, CI 0.63–0.88). Children in WHO stages II, III, and IV
at baseline were 1.5 times more likely to become underweight
(OR 1.51, CI 1.07–2.14). The authors noted that initiation
of ART resulted in improvement in mean standardized weightfor-age Z-score and weight-for-age percentile (P , 0.001),
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and also that weight-for-age percentile and Z-score improved
significantly after initiation of ART. They concluded that the
studied pediatric population gained weight more rapidly than
height after initiation of ART.
There is both clinical and experimental evidence for
direct or indirect negative effects of ARV agents. Some PIs
have been observed to reversibly inhibit glucose uptake into
muscle and adipose tissue cells at the level of the glucose
transport molecule GLUT4, and PIs may also affect hepatic
very-low-density lipoprotein secretion through an inhibition
of intracellular apoprotein B degradation.56,57
NRTIs, especially thymidine analogs, may also have
direct toxicity. For instance, fialuridine, the first agent
tested in chronic hepatitis B infection was the precedent
for NRTI toxicity. Although the drug was effective, it led
to a high incidence of subacute liver failure with symptomatic lactic acidosis, and the toxic effect was found to be
mitochondrial toxicity relating to inhibition of the effect of
DNA polymerase gamma, the DNA polymerase involved in
mitochondrial function.58 A single-nucleotide polymorphism
in the resistin gene has been shown to be associated with a
cluster of metabolic alterations, including insulin resistance,
dyslipidemia, and lipoatrophy in patients receiving ART.59
The identification of lipodystrophy has had significant
implications on the management of HIV, and its recognition
as a side effect of ART has led to reevaluation of the appropriate time to start ART, delay initiation of ART, and also to
different modifications in ART for HIV treatment. Several
QOL studies in HIV lipodystrophy have generally shown
that patients enjoy a good QOL, including good physical
functioning, whereas common complaints that manifested
as anxiety and depression were mostly related to the stigma
associated with morphological changes.60,61 HIV-positive
persons may refuse ART or reduce treatment compliance
as a result of or in order to avoid the side effects, and as
a result, they may experience rebound in viral load or the
development of viral resistance, which could consequently
lead to disease progression and even to an increased risk
of disease transmission, probably by a drug-resistant viral
strain. The changes associated with lipodystrophy are associated with cardiovascular disease, and some studies have
implicated an increased risk for developing symptomatic
cardiovascular disease.62,63 Previous studies have suggested
that lipodystrophy syndrome in HIV-positive persons on ART
is characterized by subcutaneous fat wasting, visceral fat
accumulation, lipid abnormalities, and insulin resistance or
glucose intolerance, and all of these affect the QOL of people
living with HIV and AIDS.64 An important observation was
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made by researchers in the Multicenter AIDS Cohort Study,
who had the privilege of following 50 persons from a period
prior to HIV seroconversion through initiation and follow-up
of ART.66 A fall in total, high-density-lipoprotein cholesterol
and low-density-lipoprotein cholesterol concentrations was
reported after seroconversion and persisted as immune function declined and initiation of ART led to increase in total
and low-density-lipoprotein cholesterol.
The effects of ART on oxidative stress have been investigated. Ngondi and colleagues reported that combined ART
increased the oxidative stress in HIV and AIDS patients
receiving ART.67 ART may increase oxidative stress levels
above levels caused by the HIV itself. In HIV infection,
oxidative stress may enhance viral replication by activating nuclear transcription factors, which leads to viral gene
expression. In HIV-infected adults, zidovudine was shown
to promote oxidative damage to DNA.67 It is been noted
that ART may induce an increase in oxidant generation,
decrease in antioxidant protection, and a failure to repair
oxidative damage. Ngondi et al66 also noticed that increased
oxidative stress brought about by HIV as well as the use of
ART was paralleled by significant decreases in glutathione
level, albumin, and vitamin C. It should be noted that abnormally high levels of free radicals as well as a simultaneous
reduction in antioxidant defense mechanisms can lead to
damage of cellular organelles and enzymes and increased
lipid peroxidation. Under normal conditions, several cellular
antioxidant systems exist to defend against oxidative stress
and maintain the redox balance of the cell. However, ART
may reduce glutathione synthesis, enhance glutathione utilization, or limit intracellular reduction of its reduced form
and as a consequence of glutathione deficiency, a number
of related functions may be impaired, such as a decrease in
reducing capacity, protein biosynthesis, immune function,
accumulation of lipid peroxidation products, and detoxification capacity.68–70 A reduced detoxification capacity in the
liver may lead to accumulation of hepatotoxic metabolites,
leading to liver damage and thus reduction in the QOL
of people living with HIV and AIDS.68,69 Weight loss and
wasting may still be observed in HIV patients on ART. One
study reported that 10% of ART patients were underweight
with chronic diarrhea.66

Conclusion and recommendation
The evolution of ART treatment of HIV/AIDS as a
chronic infection/disease presents challenges for patients
and health-care professionals, and measures of QOL can
provide important information in behavioral and clinical
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studies of ART. The relationships between ART and multidimensional construct of the QOL of people living with
HIV and AIDS is complex; however, this review provides
a framework for practical and theoretical understanding of
the relationships, thus contributing to the understanding
of the impact of ART on the various aspects of the QOL
of people living with HIV and AIDS. Focus should be on
how to maximize the positive effects of ART, especially
in resource-poor settings, and particularly in developing
countries. There is a need to provide more support to
HIV/AIDS patients living in rural areas and to organize
awareness programs that can address the issue of stigma
and discrimination, since such awareness programs could
contribute to a better QOL in HIV/AIDS patients. Clinical
assessment of adverse reactions during the course of ART
treatment and careful monitoring after any ART switch
could contribute to a better QOL, improve the patient–
doctor relationship, and potentially maintain adherence
with fewer undesired side effects.
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