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Abstract
The prevalence of HIV in patients over the age of 50 years is increasing. Although older patients
may achieve equal or better virologic suppression at equal rates compared with younger patients,
the immunologic bene3 t of highly active antiretroviral therapy (HAART) in older patients may be
reduced compared with younger patients. Comorbidities are more common in older patients than
younger patients and can impact management of HIV in these patients. Providers must be
cognizant of drug-drug interactions and side effects of HAART regimens when selecting an
antiretroviral regimen in older HIV patients. As the HIV-infected population ages, there is a
growing need to better determine the ideal HAART regimen and timing of HAART initiation in
older patients.

Introduction
Over the past decade, the percentage of all HIV cases in patients 50 years or older increased
to more than 17% [1• •]. This increase in the prevalence of HIV in middle-aged and older
people is expected to continue over the next decade. Previous data suggested that early in
the HIV epidemic, older patients had higher morbidity, mortality, and decreased AIDS-free
survival than younger HIV-infected patients [2–4]. This was due to delays in diagnosis and
concomitant comorbidities. Since the inception of highly active antiretroviral therapy
(HAART), several studies suggested that older patients may not respond as well to HAART
as younger patients; particularly, there may be less immune recovery with advancing age [2–
4]. HAART has numerous significant toxicities including dyslipidemia, impaired glucose
metabolism, pancreatitis, neuropathy, hepatotoxicity, and lactic acidosis. Older patients may
be more likely to develop toxicities than younger patients. In addition, older people are more
likely to have comorbidities including cardiovascular disease, renal disease, diabetes, bone
loss, and obesity that complicate utilization of antiretroviral therapy. Thus, a balance must
be found between the need to treat older individuals earlier to sustain immune function and
the potentially greater risk of cumulative toxicity from HAART.

Epidemiology
Previously, HIV was thought of as a young person’s disease; however, due to the increasing
prevalence of HIV in middle-aged and older people, the epidemiology of the infected
population is changing [5,6]. Although few practitioners would use the age of 50 as a
threshold to indicate advanced age, the US Centers for Disease Control and Prevention
identi3 ed patients age 50 years or older as a separate age group, because this age group was
so much older compared with the lower mean age of HIV patients early in the HIV epidemic
[7]. HIV patients are aging because of the increased survival due to HAART, and an
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increasing number of new HIV infections in older patients due to high-risk exposures [8].
The number of HIV-infected persons older than 65 years has grown tenfold in the past 10
years [5]. It is estimated that by 2015, 50% of people living with HIV/AIDS will be over 50
years of age [9].

There is often a delay to HIV diagnosis in older patients [10]. This may be because
physicians are less likely to ask older patients about high-risk behaviors or even suspect HIV
in older patients [5,10]. In addition, even though older patients may be engaging in high-risk
sexual activity, they may be less likely to admit to these behaviors [11]. Older Americans
appear to be at increased risk for HIV infection, suggesting a need for HIV prevention
efforts targeted at older individuals.

Overall, the prevalence of HIV in older patients has increased in the past decade. Consistent
with national trends, a demographic shift has occurred such that these patients mirror the
national HIV epidemic, with more infected injection drug users, women, and minorities.
Older patients are often diagnosed later than younger patients because physicians are
reluctant to ask older patients about high-risk behaviors and patients are unwilling to admit
to socially unacceptable behaviors. Future trends in HIV during the next decade are likely to
include more primary infections in those over 50 years as well as increasing longevity in
those infected at younger ages. With greater longevity, we are also likely to see more long-
term complications of HIV infection and treatment.

Clinical, Immunologic, and Virologic Response to HAART
HAART is effective at reducing HIV viral load and improving CD4 lymphopenia; however,
data regarding the clinical, immunologic, and virologic bene3 t in older patients treated with
HAART have been mixed (Table 1). Some authorities have hypothesized that the degree of
immune recovery after treatment with HAART may be dependent on the thymus, which
loses function with advanced age [12–16]. Data from the early HAART era suggested that
age is inversely proportional to how quickly the immune system recovers and that older
patients did not respond as well as younger patients [17–19].

There is controversy about the rates of virologic suppression and CD4 response in older
compared with younger patients on HAART. Some studies demonstrated a smaller CD4
boost in older patients compared with younger patients treated with HAART [18,20,21], but
others have not noted a significant difference in CD4 response between older and younger
patients [22–24]. In addition, some studies demonstrated increased virologic suppression in
older compared with younger patients [24–27]; another demonstrated better virologic
suppression in younger patients [28]; and several demonstrated no difference in virologic
suppression between older and younger patients [17,19,23,29].

The largest study to examine the impact of HIV and aging was performed in nearly 50,000
antiretroviral naïve patients in Europe and compared older with younger patients [30• •]. The
investigators found the probability of virologic response was higher in individuals older than
50 years (possibly due to greater medication adherence), but the probability of immunologic
response was lower in individuals 60 years or older. Of note, individuals older than 55 years
had poorer clinical outcomes after adjusting for the latest CD4 cell count. This study did not
examine differences in response by HAART treatment class.

Only two studies examined the impact of regimen type on clinical outcomes by age.
Greenbaum et al. [31] found a significantly decreased time to virologic suppression in older
patients on nonnucleoside reverse transcriptase inhibitors (NNRTIs) compared with younger
patients on NNRTIs or protease inhibitors (PIs); however, there was no difference in time to
virologic suppression in older patients on NNRTIs compared with PIs. On the other hand,
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Patterson et al. [32] found immune reconstitution and viral suppression did not vary by
treatment regimen when stratified by age. Both studies had relatively small sample sizes.
Future studies that are adequately powered to address the impact of specific antiretroviral
therapy regimens are needed to further answer the question of most appropriate treatment
type for older patients.

Data regarding the impact of age on HIV progression in the HAART era also demonstrated
conflicting results (Table 1). A recent study from Johns Hopkins demonstrated fewer
opportunistic infections in older patients than in younger HAART-naïve patients after
starting HAART [31]. Other recent studies, however, found that despite higher rates of
virologic suppression, older patients have an increased risk of new opportunistic infections
compared with younger patients [20,33].

Not surprisingly, most studies found increasing mortality rates in older patients compared
with younger patients [30• •,31,34]. Of note, the causes of death in HIV patients treated with
HAART have changed from complications of HIV to primarily non–HIV-related causes in
American and European cohorts [35].

Overall, these studies have yielded conflicting results regarding clinical outcomes. The
previously noted studies are very heterogeneous in study design. Some are cross sectional,
others are longitudinal, and many use different outcomes or cutoffs for virologic
suppression. In addition, no large trial has evaluated the effect of any one HAART regimen
or even class of HAART in regard to outcomes in older compared with younger HIV-
infected patients. Therefore, current conclusions regarding HAART therapies in older
patients are limited. Larger, controlled trials involving older patients are necessary to
evaluate which antiretroviral therapies might be most effective in this population. Until then,
current guidelines for HAART regimens should be applied to HIV-infected older patients.
Immunologic, virologic, and clinical response should be monitored carefully because
recovery may be blunted in older patients.

HAART Metabolism and Toxicity
With prolonged survival, HIV patients are living long enough to develop comorbidities
associated with age and chronic substance use as well as HAART therapies [36]. It is
probably no longer appropriate to assume that a new condition (eg, diabetes or liver disease)
is due to a single etiology such as HIV infection, HIV treatment, or disease processes
completely independent of HIV or its treatment. Instead, it is more useful to consider what
may be the contributing causes. For example, although hepatitis C infection dramatically
increases the risk of liver cirrhosis among those with HIV infection, advancing age and HIV
infection both increase the risk of cirrhosis among those with hepatitis C.

Unfortunately, most studies of antiretroviral metabolism have excluded patients of advanced
age with comorbid disease; therefore, there are few data on the use of antiretrovirals in
elderly HIV patients. One study found reduced elimination of zidovudine in elderly patients
that resulted in toxic drug levels [37]. Another European study found that age was a risk
factor for changes in serum creatinine level in an expanded access study of tenofovir [38].

Treatment with PIs and NNRTIs has been associated with several metabolic disorders,
including dyslipidemia. PI regimens have been associated with increased triglycerides, total
cholesterol, and low-density lipoprotein (LDL) levels and these metabolic disturbances vary
by specific PI. In addition, NNRTIs may increase total cholesterol and LDL levels and
induce a concomitant increase in high-density lipoprotein levels. Like PIs, the lipid effects
seen with NNRTIs vary by drug used. Lipid abnormalities may be more dangerous in older
patients because of increased risk of vascular disease and pancreatitis.
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HIV patients with renal or hepatic insufficiency deserve special attention when certain
antiretroviral drugs are used. Renal and hepatic injury are more common among older
individuals with HIV, especially among those with prior histories of heavy drug or alcohol
use. Tenofovir and indinavir are nephrotoxic and may be more dangerous when used in
combination with other drugs, such as lopinavir/ritonavir [39–41]. In addition, tenofovir
may be more likely to cause complications in elderly patients, who may have lower
creatinine clearance than younger patients. Also, most PIs and NNRTIs can exacerbate
hepatic insufficiency in those with preexisting liver disease [42]. Few data exist on
administering these drugs in older patients with impaired renal or hepatic clearance.
Interactions between different antiretroviral agents are common and have been used to
improve activity of some HAART regimens. Few studies have examined the
pharmacokinetics of these drugs in the extremes of age, and older patients may be more
likely to have drug-drug interactions. Therapeutic drug monitoring may be useful in patients
who are at high risk of adverse events.

Pharmacologic interactions between antiretroviral agents and other drugs used in the elderly
are common. Proton pump inhibitors are contraindicated with atazanavir and delavirdine due
to decreased absorption. Concomitant use of benzodiazepines and protease inhibitors can
result in excessive sedation. Allopurinol and ribavirin are also contraindicated with
didanosine usage.

There is a need for information about treatment tolerability, drug-drug interactions, short-
and long-term toxicity, and interactions with other non-HIV medications in older adults.
Most randomized, controlled trials evaluating new antiretroviral drugs or chemoprophylaxis
of HIV-related complications excluded patients with advanced age and/or comorbidities.
Few studies offered subanalyses comparing outcomes of older patients with younger ones.
Older age is associated with a high rate of adverse events from pharmacologic agents;
therefore, careful monitoring is required with use of antiretroviral and opportunistic illness
prophylaxis medications in older HIV-infected patients. Finally, it will also be important to
identify the long-term consequences of HAART therapy as the HIV-infected population
ages.

Functional Issues With Aging and HIV
Frailty is typically defined by decreased physical reserves and is known to increase risk of
morbidity and mortality. The frailty phenotype has been defined as the presence of at least
three of the following characteristics: exhaustion, slowed walking speed, low activity level,
weakness, and weight loss [43,44]. Although Fried et al. [43] found a low prevalence of
frailty among HIV-infected individuals in the Multicenter AIDS Cohort Study, they found
that frailty occurred earlier among those with HIV compared with HIV-negative controls.
Previous studies showed that middle-aged, HIV-infected men on HAART have reductions in
exercise capacity, functional performance, physical activity, and grip strength [45]. Frailty is
associated with poorer health outcomes than a more robust physical stature [43,45].

The basic mechanisms are not well known; however, it is hypothesized that mitochondrial
dysfunction and increased numbers of free radicals and cytokines activate inflammatory
pathways. Ultimately this can lead to frailty. Previous studies demonstrated that older people
with the frailty phenotype have increased levels of C-reactive protein, D-dimer, factor VIIII,
fibrinogen, and interleukin-6 [46]. Increased levels of these markers have also been
demonstrated in HIV-infected adults with wasting [47].
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Comorbidities
Patients with HIV are now surviving long enough to experience the normal aging process,
which includes increased pain, loss of bone and muscle mass, weight loss, decreased
glomerular filtration rate, memory loss, and immunosenescence. In addition to chronic HIV
infection, older patients also suffer from other medical comorbidities that they previously
did not live long enough to endure, including bacterial and viral infections, cancer, and
vascular disease. Finally, older people with HIV represent a special population of aging
individuals who are predominantly people of color with substantially higher prevalence of
past and current substance (alcohol, tobacco, and drug) use and hepatitis C infection.

Depending on the study, about 60% of the deaths occurring among those with HIV infection
are now attributed to non-AIDS causes [48–50]. That is not to say that these conditions are
unassociated with HIV disease or treatment. Many of the most common and serious
comorbid conditions—including liver fibrosis/cirrhosis, anemia, renal insufficiency/failure,
selected cancers, thrombosis, intracranial hemorrhage, and obstructive lung disease—are
more likely to occur among those with HIV infection than among uninfected,
demographically similar controls [51–54]. Among those with HIV infection, these
conditions are more likely in those with advanced disease. Furthermore, the liver, renal, and
bone marrow toxicities associated with antiretroviral treatment are well known and more
likely to occur among those with preexisting organ injury [55• •]. Instead, we must
recognize that chronic HIV infection has become a complex chronic disease in which the
etiology of any problem is likely multiple and is often helped, and occasionally exacerbated,
by antiretroviral treatment [55• •,56]. As individuals age with HIV infection, organ injury
due to HIV infection, aging-related comorbid illnesses, and substance use and abuse will
likely lead to even more non-AIDS mortality.

HIV patients are at increased risk of AIDS-related malignancies, particularly Kaposi’s
sarcoma and non-Hodgkin’s lymphoma, and HIV infection is associated with increased risk
of cervical cancer and hepatocellular carcinoma due to coinfection with human papilloma
virus and hepatitis B and C [57]. Recent studies showed a dramatic increase in overall
malignancies and organ-specific malignancies, particularly lung and liver [58–64]. In
addition, the risk of certain cancers, particularly lung, breast, colon, and prostate, increase
with age [65]. The rates of cancer in HIV patients could dramatically increase over the next
10 years, because HIV is thought to increase susceptibility to malignancy through immune
suppression [65]. Recent studies demonstrated higher rates of Hodgkin’s lymphoma in HIV-
infected patients compared with seronegative controls [66,67]. New studies are needed to
evaluate the overall incidence of other carcinomas, as well as AIDS-related malignancies, in
HIV-infected older patients. Screening test strategies can be developed for older HIV-
infected patients if rates of non–AIDS-related malignancies are higher than expected.

Liver disease is associated with increased hospitalization, morbidity, and mortality in HIV
patients [68]. Possible etiologies of liver disease in HIV patients include hepatitis B and C,
alcohol use, diabetes, and rapid weight gain. In addition, there is an increased rate of liver
toxicity due to multidrug HAART and lipid-lowering agents in HIV patients coinfected with
hepatitis. Older patients are more likely to have end-stage liver disease than younger patients
either because of a longer course of hepatitis infection or a more rapid course of hepatitis in
older patients. End-stage liver disease mortality has increased dramatically in the past 10
years, and hepatitis has become an important predictor of mortality in the HIV-infected
population. In addition to the liver disease, patients with liver disease are at increased risk of
other complications, including diabetes. A study of US veterans demonstrated increased risk
of diabetes in older HIV patients in the HAART era compared with older patients followed
in the pre-HAART era. Interestingly, in this study, HIV–hepatitis C coinfection was
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associated with a higher risk of diabetes in the HAART era, but not in the pre-HAART era.
Hepatitis C–HIV coinfected patients should be screened for diabetes, especially if they also
have risk factors for diabetes (obesity, older age, African American or Hispanic race/
ethnicity).

With advancing age, kidney function declines. Recent estimates demonstrate an increase in
the prevalence of chronic renal insufficiency in HIV-infected patients. With the added
comorbidities of hypertension and diabetes, which are more common in the minority
population, it is reasonable to expect the prevalence of kidney disease in older HIV-infected
patients to increase in the next decade. This has significant ramifications for patients and
providers because impaired renal function can affect drug clearance and the risk of drug
toxicity.

The potential increased risk of cardiovascular disease (CVD) with age is also relevant in
HIV patients. Age independently predicts risk for CVD. Although age in itself does not
cause CVD, it may reflect the accumulation of atherosclerosis, which predicts the likelihood
of suffering a cardiovascular (CV) event [69]. Numerous studies demonstrated an increased
risk of vascular events in HIV-infected patients, and several found an association with
HAART [70–72]. Others, however, have not found this association and a recent study
demonstrated differences in risk of CV events in HIV patients by age group [73–75]. A
recent study demonstrated increased rates of hypertension in HIV-infected patients who
were HAART-naïve 1 year after starting antiretroviral therapy [76]. HIV providers need to
screen carefully for hypertension and treat glucose and lipid abnormalities in HIV-infected
patients. It is unknown how much of the increased risk of CV event is a factor of age,
HAART use, and/or HIV infection. Therefore, further studies comparing the rates of CVD
in HIV-infected older patients to age-matched HIV seronegative controls with similar
demographic profiles are needed to examine the overlapping issues of age, HIV infection,
and HAART therapy in an older HIV cohort.

Comorbidity, multimorbidity, and toxicity complicate management of the older patient and
this is likely to be even more challenging in HIV-infected older patients [77]. Early studies
suggested that older people with HIV are at higher risk than age- and race/ethnicity-matched
counterparts for liver disease, renal disease, intracerebral hemorrhage, and many forms of
cancer [52,77]. It is unknown if HIV-infected older patients on HAART will have higher
rates of comorbidities than HIV-infected age-matched controls not on HAAART. HAART
therapy may have a synergistic effect with HIV to increase the incidence of comorbidities,
and may interact with comorbidities and their treatment. Alternatively, HAART may
improve immune function and may reduce the development of certain comorbidities.
Understanding the prevalence and incidence of comorbidities and their effect on HIV
disease progression is critical in the management of older HIV-infected individuals. Future
studies are needed to establish how treatment of comorbidities in HIV patients should be
triaged, and if this varies with age. For example, do comorbidities in older HIV patients
impact mortality so much that they merit more aggressive surveillance and treatment? How
is this best done in conjunction with appropriate HIV treatment? An essential first step is
identifying the prevalence and incidence of these comorbidities and their effect on HIV
clinical outcomes in older HIV-infected patients.

Conclusions
The HIV population is aging. Clinicians taking care of older patients should ask all patients
about high-risk behaviors and educate them on the risks of HIV. The presentation and
natural history of HIV in the older patient may be different than in younger patients with
worse immune suppression at diagnosis and more rapid disease progression. Older adults
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have a more severe HIV course, more opportunistic illnesses and malignancies, shortened
survival, and shorter AIDS-free intervals than younger patients. In the HAART era, rapid
initiation of antiretroviral treatment when indicated is particularly important to reduce HIV
disease progression and HIV-associated mortality. Although more rapid HIV progression
could occur because of comorbidities in older patients, immunosenescence, and the adverse
effects of medications, research is needed to determine the differences in immune
reconstitution in older and younger patients.

Current HAART therapy is effective at reducing HIV disease progression and mortality and
should be used in older patients. For the older patient, other concomitant drugs used for
comorbidities should be explored; nephrotoxic and hepatotoxic drugs should be avoided if
possible; and side effects of other drugs, especially in patients with insulin resistance,
dyslipidemia, and cardiovascular disease, must be considered when selecting a HAART
regimen. Management of comorbidities is complicated and may require triaging conditions
by level of importance.

With decreased mortality and an increasing incidence of new infections, it is anticipated that
HIV prevalence in older patients will continue to increase in the next decade. HIV in older
patients has been relatively ignored until recently, and controlled trials are needed on the
therapeutic and clinical outcomes for older HIV-infected patients.

HAART therapy has been effective in reducing morbidity and mortality. However, the
clinical improvements may be tempered by the development of resistant HIV and toxicities
from antiretroviral therapy, particularly in older patients. Also, the growing number of
patients with other comorbidities requiring pharmacologic treatment makes drug-drug
interactions far more complicated. Newer classes of antiretroviral drugs in development may
help reduce issues of resistance and new coformulations of antiretrovirals may help increase
adherence through once-daily treatment options.

The effectiveness of HAART in older patients and factors associated with a more rapid
course of HIV infection in patients age 50 and over are unknown. Older adults have more
comorbidities than younger patients, and the effect of these comorbidities on HIV
progression is unknown. The toxicity from HAART is significant and it is unclear if these
toxicities are greater in older patients.

If differences exist in antiretroviral response in older compared with younger patients, this
would indicate the need for treatment guidelines specific to older HIV-infected patients. If
treatment responses in older patients differ by antiretroviral therapy class, this would affect
antiretroviral treatment guidelines for older patients. Similarly, if a drug class has
significantly more toxicity in older patients, this class may potentially be avoided in
antiretroviral treatment guidelines for older patients. In addition, if differences in
immunologic response are identified in older compared with younger patients, this work
would be the foundation for future research exploring the differences in T-cell generation
and function in older compared with younger HIV-infected patients. Therefore, research to
evaluate the impact of age on clinical outcomes and adverse drug events in HIV-infected
patients overall and by antiretroviral therapy class is needed, and likely will improve our
understanding of the role of age in clinical care of HIV infection.
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