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Abstract: HIV risk behaviors, susceptibility to HIV acquisition,
progression of disease after infection, and response to antiretroviral
therapy all vary by age. In those living with HIV, current effective
treatment has increased the median life expectancy to .70 years of
age. Biologic, medical, individual, social, and societal issues change
as one ages with HIV infection, but there has been only a small
amount of research in this field. Therefore, the Office of AIDS

Research of the National Institutes of Health commissioned a work-
ing group to develop an outline of the current state of knowledge and
areas of critical need for research in HIV and Aging; the working
groups’ findings and recommendations are summarized in this
report. Key overarching themes identified by the group included
the following: multimorbidity, polypharmacy, and the need to em-
phasize maintenance of function; the complexity of assessing HIV
versus treatment effects versus aging versus concurrent disease; the
inter-related mechanisms of immune senescence, inflammation, and
hypercoagulability; the utility of multivariable indices for predicting
outcomes; a need to emphasize human studies to account for com-
plexity; and a required focus on issues of community support, care-
givers, and systems infrastructure. Critical resources are needed
to enact this research agenda and include expanded review panel
expertise in aging, functional measures, and multimorbidity, and
facilitated use and continued funding to allow long-term follow-up
of cohorts aging with HIV.
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EXECUTIVE SUMMARY
The development and application of effective antire-

troviral therapy (ART) for HIV has allowed many infected
persons to live to an older age. In addition, an increasing
proportion of incident HIV infections are occurring in older
adults as members of this age group are the least likely to
practice safe sex and late-life changes in the reproductive tract
and immune system may enhance susceptibility to HIV
acquisition in seniors. Thus, by 2015, half the people living
with HIV infection in the United States will be 50 years of
age or older. Research in sub-Saharan Africa suggests that
these trends are also occurring in more resource-limited
settings.1,2 Further, there is an emerging consensus that HIV
and/or its treatment affects the process of aging and/or the
development of illnesses typically associated with advanced
age. When compared with behaviorally and demographically
similar HIV-uninfected individuals, people with HIV
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infection, even those receiving effective ART with suppres-
sion of virus to levels below typical detection limits, experi-
ence excess morbidity and mortality.3–6 On average, a 20-year
old initiating ART may have already lost one-third of the
expected remaining years of life compared with demograph-
ically similar HIV-uninfected persons.7

Although AIDS-defining illnesses are increasingly rare
in those with ART-suppressed HIV, the list of HIV-associated
non-AIDS (HANA) conditions is growing. A common theme
among currently identified HANA conditions is their associ-
ation with advancing age and chronic inflammation. These
include cardiovascular disease,8 a number of infectious and
noninfectious cancers,9,10 osteopenia/osteoporosis,11 liver dis-
ease,12 renal disease,13,14 and neurocognitive decline. It is
uncertain whether people with HIV infection develop these
conditions earlier in their life course because the aging pro-
cess itself is accelerated (ie, is HIV speeding pathways of
aging in every organ?), represents a cohort effect15, or
whether HIV is an additive risk factor (ie, is HIV similar to
high cholesterol which does not make one “age” faster but
increases the risk of cardiovascular events?).

“Any comparison between people with and without
HIV infection must be accomplished with careful study
design as these populations tend to differ in a number of
behavioral and biologic factors that are known to affect the
aging process.” People aging with HIV infection are more
likely to continue substance use (tobacco, alcohol, opioids,
and other psychoactive substances).16 People with HIV
infection are also more likely to be coinfected with chronic
viruses such as hepatitis C, which interacts with HIV or
with alcohol use to lead to more rapid cirrhosis and more
rapid development of hepatocellular carcinoma. People
with HIV infection differentially represent sexual and
racial minorities with constrained economic and social resour-
ces. As a result, issues of homelessness, food insecurity,
and social isolation may exacerbate substance use and com-
plicate the aging process broadly—physically, emotionally,
and socially.

The pathophysiology leading to morbidity and mortal-
ity among those aging with HIV is only beginning to be
elucidated. Evidence from the Strategies for Management of
Antiretroviral Therapy (SMART) trial and other observational
studies suggests that HIV infection and ART influence
morbidity and mortality through effects on inflammation,
treatment-related toxicity (which includes abnormal fat
distribution, renal and kidney dysfunction, and neuropathy),
interactions with other chronic viral infections, and co-morbid
diseases typically associated with advanced age. This com-
plex and often subtle pathophysiology also interacts with
prolonged substance use and other psychosocial and health
behaviors more commonly experienced by those with HIV
infection. As a result, aging HIV-infected persons exhibit an
excess burden of co-morbid conditions and the premature
onset of a number of clinical symptoms and syndromes that
are often associated with advanced aging, multimorbidity,
polypharmacy, limited reserve, and functional (physical
and cognitive) decline (Fig. 1). Addressing these aspects of
heath care is the primary domain of the subspecialty of
Geriatric Medicine which can help inform the research

agenda for HIV and the clinical management of those aging
with HIV infection.17

Recognizing the issues and needs of the evolving HIV-
infected population and the potential insights provided
through the pathophysiology of aging (Gerontology) and
the care of older adults (Geriatrics), September 18th has been
designated National HIV/AIDS and Aging Awareness Day
since 2008, and a White House Conference on HIV and
Aging was held in 2010.19 However, the extent to which
Geriatric principles can be directly applied to HIV-infected
individuals is unknown. Although parallels with other chronic
diseases such as cardiovascular disease or diabetes are com-
pelling, several factors set apart those aging with HIV. At the
moment, the population aging with HIV infection is predom-
inantly middle aged. Many geriatric syndromes of greatest
concern in the general population, including dementia, frailty,
and falls, are not common among those younger than 65 years
and are frequently seen only in those 80+ years of age. Thus,
we may not fully appreciate the importance of these condi-
tions until a larger proportion of the population of those aging
with HIV infection reaches older thresholds. The Geriatric
concepts of multimorbidity, personalized care, maximizing
function, and deriving integrated management strategies are,
however, very likely relevant to the care of the growing mid-
dle to older age adult population with HIV.

To further address the issues of aging with HIV
infection, the National Institute of Health Office of AIDS
Research assembled a working group with the goal of
assessing what is known and unknown and what the
priorities should be for research at the interface of HIV,
aging, and multimorbidity. The task force met in a face-to-
face meeting in April 2011, and assigned breakout groups
to address 4 specific areas—(1) triggers and underlying
mechanisms of aging in those with HIV; (2) biomarkers/
prognostic indices of aging and illness; (3) design and
conduct of observational and intervention studies; and (4)
societal, mental health, behavioral and care giving issues.
The working group findings are summarized in this white
paper.

Several common themes emerged during the discussions:

Multimorbidity, Polypharmacy, and
Functional Assessment

Aging with HIV infection is typically characterized by
the development of multiple chronic diseases and treat-
ments.5,6 The consequences of HIV infection and its treatment
on aging is best addressed by strategies that focus on pre-
serving function rather than curing disease. The evidence base
of Geriatric Medicine and gerontology provides a strong
foundation for studying these issues in those aging with HIV.

The Complexity of HIV Versus Treatment
Effects Versus Aging Versus Disease

It is the nature of science to design studies that isolate
specific risk factors. In those aging with HIV, it is nearly
impossible to separate these factors. Even if it were possible,
study designs that isolate unique factors may not be necessary
or desired as none of these factors occur in isolation.
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However, it is imperative that studies be appropriately
designed and use control groups that can accurately reflect
populations of similar complexity. Particularly relevant is
the need for study populations and control groups to gather
relevant information on use of alcohol, tobacco, and psycho-
active drugs, mental health, comorbid illness, and functional
status (both physical and cognitive).

The Utility of Multivariable Indices in
Predicting Outcomes

In complex multimorbid illness, it is often necessary to
utilize well-validated indices to better predict which patients
need specific interventions or are at high-risk for specific
complications. Integration of clinical measures, common
laboratory values, and emerging biomarkers is likely to be
more robust than relying on simple, traditional, HIV-specific
variables such as CD4 count or viral load.

Immune Senescence, Inflammation,
and Hypercoagulability

These seem to be unifying mechanisms that may lead
to the greater incidence of disease in persons aging with
HIV and should be a focus for future research drawing
on the substantial database already available from HIV-
uninfected cohorts.

Emphasis on Human Studies
Though animal studies, particularly nonhuman primate

studies, have a role to play in this research, the lack of animal
models that can appropriately reproduce complexities of HIV,
ART, aging, social context, multimorbidity, and functional
outcomes of relevance indicate that human studies should be
the primary focus of research in this area.

The Need to Address Issues of Community
Support, Caregivers and
Systems Infrastructure

Social/behavioral issues and isolation of many persons
aging with HIV infection require unique solutions for
this population and dedicated resources to be deployed in
the community.

RESOURCES REQUIRED TO MEET CRITICAL
NEEDS IN THIS AREA

Review Panel Expertise
Additional expertise is needed in HIV-focused review

panels to appropriately evaluate studies of aging. Though ad
hoc reviewers can evaluate individual proposals, it is vital
that “multiple, standing members” elevate the discussion and
expand the knowledge base of the whole group to most
effectively evaluate new research proposals.

Facilitated Use of Current and Future Cohorts
A number of HIV-infected cohorts have been estab-

lished with National Institute of Health funding [eg, the
Multicenter AIDS Cohort Study (MACS), the Women’s
Interagency HIV Study (WIHS), the Veterans Aging Cohort
Study (VACS)] that have and will greatly facilitate the study
of issues raised in this document. It is critical that these study
participants continue to be followed and that variables related
to aging be collected in a rigorous manner. Further, HIV-
uninfected cohorts being accrued at this time [eg, the Aspirin
in Reducing Events in the Elderly (ASPREE) trial, the
Systolic Blood Pressure Intervention Trial, and the VACS]
should include HIV-infected subjects and variables/specimens
collected to allow evaluation of HIV and aging. The AIDS

FIGURE 1. One model of integrated
pathophysiology of aging with HIV
infection. The sequelae of residual
immune dysfunction (inflammation/
hypercoagulation), concomitant
viral infections, ART side effects, and
multimorbidity accelerate the
development of HANA and other
common diseases of aging. This
leads to premature functional
decline, vulnerability to additional
illnesses, and death. Social isolation
of older HIV-infected adults and care
giving issues further complicate
management and impair quality of
life. From18 “Justice AC. HIV and
aging: time for a new paradigm. Curr
HIV/AIDS Rep. 2010;7:69–76” with
permission.
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Clinical Trials Group and other HIV-focused clinical research
sites should be encouraged to become enrolling sites for these
crucial studies on aging and health.

HIV and Aging in the Larger Context of the
HIV Research Portfolio

Although the priority for research on HIV and aging
versus other important issues in HIV research is a question well
beyond the purview of this working group, the working group
members believe the issues outlined here are high priority as
the number of individuals affected by HIV in the United States
age 50 years or older is increasing rapidly. A common theme
from the geriatric literature is that proactive prevention of
geriatric syndromes is preferred to interventions aimed to
reverse diseases, which have already occurred; hence, inter-
ventions aimed at addressing concerns outlined in this report
will need to be implemented soon if the large population of
aging HIV-infected adults are to benefit. Further, as outlined in
the White House Conference,19 issues regarding HIV in aging
people is a high priority area among a large and diverse com-
munity of advocacy groups active in the area of HIV. Finally,
as was true of immunology research in the early days of HIV,
studies in this area of AIDS research are likely to have dramatic
impact on other fields. Compression of disease development
and functional decline in HIV-infected individuals offers
a unique model of multimorbidity that should be applicable
to many populations (eg, the aged, dialysis patients, chronic
inflammatory conditions such as rheumatoid arthritis). Thus,
research on multiple coexistent conditions and the preservation
of function in aging HIV-infected individuals is likely to pay
dividends for the wider field of health care. Specific areas of
active research in the larger community that may benefit from
knowledge gained studying HIV and aging include the biology
of inflammation and disease development, the identification
and validation of clinically relevant biomarkers, the compara-
tive effectiveness of various interventions to optimize clinical
outcomes and preserve function in complex populations, and
the role of community-based research and systems-based de-
livery of health care.

PART 1: MECHANISMS AND TRIGGERING OF
FUNCTIONAL DECLINE/AGING IN

HIV-INFECTED PERSONS

Background

Statement of the Problem
Human aging is associated with substantial changes in

both the innate and adaptive immune response and occur at the
phenotypic, functional, and molecular levels. It is now
recognized that immune changes that occur during normal
aging may occur earlier in chronically HIV-1–infected individ-
uals. There also may be synergistic effects of aging and HIV in
this population resulting in complex pathologies and precipi-
tous immune decline. Studies focused specifically on the
impact of aging and HIV on immune function will therefore
likely remain central to research in this area.

A number of priority areas of research exist. Research
in the areas of aging and immune dysfunction in HIV-infected

persons should focus on mechanisms and triggers in human
populations, although the use of primate models for combined
aging and HIV/simian immunodeficiency virus research may
prove to be useful. Most studies on aging and HIV have
utilized peripheral blood, which contains approximately 2%
of the host immune cells. It is critical for HIV and aging
research to expand work to the analysis of tissue sites
including bone marrow, gut mucosa, and lymph nodes. There
are also significant needs in developing imaging technologies
to evaluate sites such as the central nervous system (CNS)
because these areas are not easily accessible for study.
Imaging tools such as advanced computed tomography,
functional magnetic resonance imaging, and position emission
tomography may provide platforms for expanded assessment of
multiple tissues. These tools will clearly provide important
resources for pathogenesis studies and will be likely to improve
the clinical evaluation of antiretroviral-induced immune
reconstitution.20–32

Cellular senescence is an important mechanism that
contributes to organism aging. There are numerous aspects of
immune and cellular senescence that have been documented in
the elderly, but only a few of them have been extended
to studies in HIV-infected individuals.17,33,34 The senescent
phenotype is complex and involves the activation of gene pro-
grams that have important clinical implication for the preven-
tion of cancer but are thought to also result in cumulative
damage to tissues and organs.

Many of the pathways known to affect cellular aging
may be affected by HIV or its treatment. Shortening of
telomeric sequences and structural changes to the telomere
are believed to be major drivers of the senescence program in
all individuals. Telomere length decreases with age in all
hematopoietic lineages that have been studied, including
circulating CD38 hematopoietic precursor cells, neutrophils,
and naive and memory T cells. HIV-associated inflammation
and/or exposure to nucleoside analogues have been associated
with changes in these and other key biologic pathways.17,35–42

Emerging data from a number of groups suggest that
HIV-infected individuals demonstrate features of immuno-
logic aging including accumulation of terminal stage,
effector CD8+ T cells (most often identified by the absence
of CD28 expression) with shortened telomeres, absence of
telomerase activity, and limited T-cell proliferation poten-
tial. The biologic consequence for the accumulation of these
cells is controversial, but their presence has been associated
with clinical problems in seniors including reduced vaccine
responses, bone loss, neurocognitive decline, and cardio-
vascular disease.

It is also important to note that the immunology of
aging is thought to be influenced by other chronic viral
pathogens, particularly cytomegalovirus (CMV). CMV in-
fection is characterized by the oligoclonal expansion of
a CMV-specific T-cell population that comprises a large
fraction of the T-cell repertoire. It is not clear how the human
host can compensate for so much anti-CMV T-cell reactivity
over so many years without having persistent problems in
immune control. The impact of HIV disease on this process is
not known, but emerging data suggest that these coinfections
interact in a potential negative manner.43–46
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The role of dysregulation of the immune system among
those with HIV requires careful study. Specifically, age-
associated T-cell changes include an increase in the number
of regulatory T cells both within the CD4 and CD8 subsets,
and a generalized chronic inflammatory state (which may
reflect the combined effects of senescent T-cell cytokine
secretion), a shift in the balance of Th1, Th2, Th17, and
T-regulatory responses, and alterations in cells of the innate
immune system. This so-called “inflamm-aging” is associated
with frailty and increased mortality risk in the very old HIV-
uninfected population. The role that this process has in caus-
ing HIV-associated morbidity remains only theoretical and
deserves investigation.

Humoral immunity is affected by aging as well, as
evidenced by the dramatic decline in antibody responses to
a variety of vaccines and markedly increased risk of
pathogens typically controlled by antibody-based mecha-
nisms (eg, Streptococcus pneumoniae). The major intrinsic
B-cell defects include a reduction in both somatic hypermu-
tation of the immunoglobulin genes and in class switching,
which undoubtedly contribute to the blunted titer and affinity
of antibodies in the elderly. Aging is also associated with
diminished numbers and sizes of the lymph node germinal
centers, which may impact affinity maturation and antibody
quality and a reduction in the number of B cells migrating out
of the bone marrow. All of these immune alterations merit
investigation in HIV-infected persons, both young and old,
and are clearly relevant to vaccine development.

There is only minimal information on innate immunity
changes associated with HIV/AIDS, but recent information
from studies in the elderly can provide a preliminary road
map for future HIV studies. Most prominent among the age-
associated changes are functional alterations in toll-like
receptors (TLR), a family of invariant pattern recognition
receptors specific for highly conserved portions of pathogens.
There is evidence of age-associated defects in TLR-induced
production of interleukin (IL)-6 and tumor necrosis factor-
alpha, particularly in response to engagement of TLR1/2, and
a generalized defect in TLR-induced CD80 upregulation in
monocytes from older individuals.47 The proinflammatory
cytokine production by cells of the monocyte/macrophage
lineage is hypothesized to be influenced by the complex
interplay of immunologic, hormonal, and neuroendocrine
factors. Circulating levels of adipokines and adrenal hor-
mones are altered during aging. These systemic influences
on both innate and adaptive immunity are key areas that have
not yet been addressed with respect to HIV/AIDS.

Other cell types within the innate immune system that
undergo age-related changes include natural killer cells,
which show defects in cytotoxicity and signal transduction,
and natural killer T cells, which have some overlapping
phenotypic features with senescent CD8 T cells. In both
cases, research in the context of HIV is lacking and should
be considered a priority. Diminished neutrophil function
that accompanies aging (eg, reduced phagocytic capacity
and intracellular killing) clinically manifested by high
morbidity and mortality due to bacterial infections is
another area worthy of more extensive research. Finally,
studies on dendritic cells, which bridge the gap between

innate and adaptive immunity, are clearly critical both in
terms of immune function in general and development of
vaccine formulations that compensate for immunosenes-
cence effects.

We can also learn a significant amount of information
on aging and how it applies to HIV by studying other clinical
conditions. In rheumatoid arthritis, lymphocytes display
a phenotype consistent with accelerated immune aging
including accelerated telomere attrition, accumulation of
differentiated effector T-cell populations that have lost the
CD28 marker and contraction in T-cell receptor repertoire
diversity. Compared with normal age-matched controls, T
lymphocytes from patients with rheumatoid arthritis have
increased numbers of DNA double-strand breaks and in-
creased spontaneous apoptosis rates; repair of radiation-
induced DNA breaks is reduced and delayed. There is
significant information that can be gained for the aging and
HIV fields by studies on autoimmune disease.

Priority Research Areas

Studies of innate and adaptive immunity in blood and periph-
eral tissues.

Studies of cellular measures of aging and how nuclear insta-
bility, telomere shortening, and activation of DNA repair
mechanisms participate in normal immune aging and ac-
celerated aging in HIV disease.

Studies to more fully understand the role of CMV and other
chronic viruses on inflammation and immune senescence
with and without HIV co-infection.

Development of imaging tools to more fully evaluate the
impact of immune aging in the central nervous system
and other tissue sites less accessible for sampling.

Specific Knowledge Gaps

Cellular Mechanisms of DNA Damage and Aging

1. Mechanisms of telomere shortening in immune cells in nor-
mal and accelerated immune aging. What is the contribution
of replicative history versus defective telomere protection
versus failure in telomere elongation?

2. Breakage of nontelomeric DNA. Do DNA repair mechanisms
deteriorate with progressive age and how does insufficient
DNA repair affect immune cell survival and regeneration?

3. DNA damage responses. How does sensing of DNA dam-
age and the attempt to repair alter the functionality of
aging immune cells?

4. Senescence-associated inflammation. Are chronic DNA
damage responses in immune cells connected to the activa-
tion of gene programs similar to the senescence-associated
secretory pattern in senescent fibroblast? Is this a source of
inflammatory mediators sustaining the subclinical inflamma-
tion of aging?

Innate and Adaptive Immunity Changes

1. Human models for understanding immunosenescence and
immune-mediated pathologies (e.g., bone, cardiovascular
disease) and further validation of primate models

2. Multiple immune compartments: bone marrow, gut, etc,
samples, not just blood samples
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3. Innate immune system changes: Toll-like receptors, den-
dritic cells, natural killer T cells, and natural killer cells,
neutrophils

4. Neuroendocrine involvement in age-related immune
changes

Chronic Viral Illness and Immune Senescence

1. Conduct comprehensive longitudinal studies of CD8 and
CD4 T cell responses to multiple CMV proteins, including
associations with CMV load, other herpes virus T-cell
responses, and immune activation and translocation factors

2. Define the putative anatomical sites (throat, genital tract,
urinary tract, gastrointestinal tract) and cell harboring
latent/persistent CMV infection of HIV-uninfected and
HIV-infected, ART suppressed persons—viral DNA,
RNA, protein, infectious virus—and their relationship to
anti-CMV immunity

3. Delineate whether CMV infection has more profound
effects on aging in populations where the vast majority
is infected from a very early age, eg, Southern US African
Americans; Asia, China, and Africa

4. Determine genetic associations of host factors with CMV
infection and immunity

5. Conduct clinical studies to address whether antiviral drugs
can impede persistently active CMV infection and delay
immune senescence

6. Develop vaccines for prevention of CMV infection and
their effects on aging.

7. Address these same issues in other chronic viral infections
[eg, hepatitis C virus (HCV)] that may accelerate immune
senescence and/or immune exhaustion

Imaging

1. Gaps are widespread in using imaging tools for brain char-
acterization in aging HIV infected individuals

2. MR technology is the most promising, widely available,
with potential for fine detail and functional assessment

3. Position emission tomography scanning may provide
unique insights to microglial activation that could drive
brain aging

4. Imaging could be applied to other organs not amenable to
direct sampling, although it is less commonly used in this
way

5. Approach will need to be multicenter, and to provide con-
trols, might be linked with large national studies underway
for early detection of Alzheimer disease early

Types of Research Funding to Emphasize and
Available Cohorts

Focus should be on investigator-initiated research and
taking advantage of existing cohorts or research networks for
supplemental funding opportunities (See Part 3). There are
other cohorts outside the HIV field that could be utilized to
provide normative data for age-matched or senior popula-
tions. Examples include the Alzheimer Disease Neurological
Initiative that is collecting a very large population database
and ASPREE, currently accruing senior subjects. It will be
critical to continue to accrue subjects and data in cohorts
aging with HIV (eg, the VACS, the MACS, and the WIHS) as

comparator groups. Women’s issues require particular atten-
tion as there are substantial sex differences in immune re-
sponse, menopause leads to changes in immune response,
vaginal/cervical changes in epithelium, and secretions that
may influence HIV acquisition and/or progression.

PART 2—BIOMARKERS AND CLINICAL INDICES
AS PREDICTORS/SURROGATE

OUTCOME MARKERS
The objective of this section is to identify and prioritize

areas of research relevant to the characterization and validation
of biomarkers and clinical indices associated with the devel-
opment of conditions that lead to morbidity and mortality.

Background

Statement of the Problem
Although combination ART is highly effective in

suppressing HIV replication, it does not fully restore health.
When compared to HIV-uninfected persons, long-term treated
HIV-infected adults have excess risk of a number of HANA
conditions, including many typically associated with advanc-
ing age (eg, cardiovascular disease, kidney disease, liver
disease, osteoporosis, cancer, and cognitive impairment).48

The mechanisms accounting for this excess risk likely include
persistent immune dysfunction/inflammation, treatment toxic-
ity, co-infections such as CMV, HCV and hepatitis B virus,
and traditional risk factors (including use of alcohol, tobacco,
and psychoactive drugs).17,49,50

Many studies of biomarkers reported to date have
included untreated and treated individuals, despite the fact
that HIV replication is known to be a major determinant
of inflammation, immune function, and overall health.
Even those studies that focused on long-term treated indivi-
duals rarely controlled for the degree of viral suppression.
Further, use of alcohol, tobacco, and psychoactive drugs
affects both biomarker behavior and the risk of non-AIDS
morbidity and mortality; the lack of precise data regarding
these factors in most cohorts prevents a careful assessment
regarding mechanisms.

The impact of HIV and its treatment on the biology
of aging is also likely an important factor in premature
development of typical age-associated diseases (Fig. 1). HIV
infection results in chronic activation/dysfunction of the
innate and adaptive immune responses, leading to inflamma-
tion and perhaps the development of most non-AIDS condi-
tions. HIV infection also causes a loss of effective immune
surveillance, which may contribute to cancer and other com-
plications. The cumulative burden of these complications
reduces a person’s ability to compensate and respond to
many events, which collectively results in onset of frailty
and other geriatric syndromes.17,18,50

Advances in our knowledge of these areas will almost
certainly be driven by the use of biomarkers. Many putative
HIV-associated biomarkers have established prognostic
significance in HIV-uninfected populations. To what degree
these biomarkers or indices have unique performance char-
acteristics in HIV-infected adults independent of established
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risk factors is often unknown because of the difficulties in
identifying cohorts of behaviorally and demographically
similar infected and uninfected adults. The interaction between
certain biomarkers seems to be different in HIV-infected and
HIV-uninfected individuals. In the SMART study, C-reactive
protein (CRP) only exhibited an interquartile range (IQR) odds
ratio of 3.1, much lower than what one might expect given the
IL-6 data (see below). In the study of Fat Redistribution and
Metabolic Change in HIV Infection, CRP was considerably
lower than anticipated in HIV and HCV–coinfected individuals
than in either controls or in HIV-monoinfected patients. In
a combined analysis from WIHS and MACS, the initiation
of effective ART was associated with the expected decline in
IL-6 and D-dimer, but an apparent increase in CRP.51 It is
likely that some of these unusual trends and interactions relate
to the complex effect HIV and its treatment and coinfection
with other viruses, such as HCV, has on the ability of the liver
and perhaps other organs to regulate biomarker levels.

There is accumulating evidence that the behavior of
certain biomarkers in the context of treated HIV disease is
different from that in general population. Many (but not all)
biomarkers associated with inflammation (eg, IL-6, sCD14)
and end-organ diseases common in seniors (eg, cystatin C as
a marker of declining renal function) are higher in antire-
troviral-treated adults than uninfected adults.52 The associa-
tion between these biomarkers and subsequent morbidity/
mortality seems to be stronger in those with HIV infection
compared with HIV-uninfected individuals. For example, in
the SMART studies, the fully adjusted odds ratios of mortal-
ity (fourth versus first quartile; IQR) in HIV disease were 8.0,
12.4, and 41.2 for sCD14, IL-6, and D-dimer, respectively49;
these odds ratios are higher than those observed in the general
population. The ability of these biomarkers to predict out-
come has been observed in most patient populations, includ-
ing those with preserved immune function.53

The durability in terms of prognostic significance of
certain biomarkers also appears to be unique among HIV-
infected adults. In the Evaluation of Subcutaneous Interleukin-
2 in a Randomized International Trial study, high plasma
D-dimer was associated with continued excess risk 4 to 7 years
after the measurement of a single level. The capacity of
D-dimer to predict outcomes that far in the future is years
longer than that which has been observed in the general
population.

Despite the tremendous amount of research in this area,
the precise role these biomarkers have in the causal pathway
is largely unknown. The ability of these markers and indices
to provide prognostic significance beyond traditional markers
(eg, CD4+ T-cell count, HIV RNA level, and routine cardio-
vascular risk markers) is also largely unknown. Finally, how
a clinician should use these emerging markers or measures of
multiple comorbidities has yet to be addressed in any pro-
spective clinical study. It is expected that high-quality basic
translational and clinical research in this area will advance our
understanding of the pathogenesis of HIV infection during
treatment It is also expected that research in this area could
inform clinical management of HIV disease and perhaps even
of other diseases that might be affected by similar pathways
(eg, chronic inflammation and “aging”).

Biomarker Development
Biomarkers progress through several stages: (a) initial

discovery; (b) translation into small human populations; (c)
application to larger more generalizable populations; and (d)
testing for clinical relevance. A handful of these are then
incorporated into larger, more comprehensive clinical indices
like the Framingham Index for cardiovascular disease. For
eventual clinical applicability, biomarkers and indices would
likely begin by demonstrating significant associations with
the specific outcome of interest, using standard epidemiolog-
ical criteria. The most promising ones would demonstrate
consistent and independent associations with important
clinical outcomes across a broad and representative popula-
tion. Further, these associations should be independent of
other biomarkers already in routine clinical use. Tests of
prediction generally compare a known set of clinical risk
factors, such as the Framingham equation for coronary heart
disease, with and without the addition of the new biomarker.
Metrics for determining added value include the c-statistic
(area under the curve) and the Net Reclassification Index.54,55

Biomarkers and clinical/biomarker indices intended for
use as surrogate outcomes are held to an even higher standard,
as they become proxies for the underlying disease process.
Not only must the biomarker or index indicate increased risk
for adverse outcomes, but they must rise and fall in step with
the disease process. The impact of clinical intervention on the
target disease must be captured by proportional changes on
the candidate biomarker and differentiate between 2 treat-
ments of differing benefit. If the differential effects of
treatment options on mortality are reflected by parallel
changes in the biomarker, then it is considered a good
surrogate outcome and can be used as an endpoint in clinical
trials. The measurement of HIV RNA in plasma is a well-
accepted example of a surrogate marker.

What is Known and not Known About Current
Biomarkers and Clinical Indices That Predict
Outcomes in Aging HIV-Infected Subjects?

A brief summary regarding what is known and not
known about existing nonspecific integrated biomarkers and
indices is provided below. Given the effects of HIV infection
on immune function, much of the emphasis in the past several
years have been on inflammatory biomarkers.

IL-6
IL-6 is a major autocrine, paracrine, and endocrine

cytokine mediator of a wide variety of functions including,
but in no way limited to, liver protein synthesis (eg, albumin,
thereby helping regulate colloid osmotic pressure, amphi-
pathic drug transport, fatty acid metabolism, etc.), adaptive
immune function (in particular T Helper cell biasing), and
innate immune function (eg, monocyte/macrophage differen-
tiation and function). IL-6 is produced by many cells. The
origin of plasma IL-6 is not clear and probably variable
depending on health and age. IL-6 levels are strongly
associated with near-term mortality in the elderly in general,
and with mortality among well-controlled HIV-seropositive
individuals. Additional biomarkers to explore include sIL-6R
and sGP-130, because both of these modify IL-6 effective
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levels and functions. For example, genome wide association
studies of IL-6 reveals the IL6R gene as an important regu-
lator of circulating IL-6 levels.

CRP and Other Acute Phase Reactants
CRP is an acute phase protein produced by hepatocytes

(and several other cell types), perhaps limiting its use in those
with underlying liver disease. CRP is a member of the innate
immune system and a member of a class of proteins known as
pentraxins; others in humans are Serum Amyloid P (SAP),
and Pentraxin-3 (PTX-3) both of which are measurable in
serum/plasma. In SMART, both CRP and SAP were mea-
sured (since both predict cardiovascular disease and mortality
in the elderly), but only CRP predicted mortality in SMART.
SAP is also produced predominantly by the liver, and
possibly more affected by the suppression of liver protein
synthesis in HIV disease than CRP was. Additional bio-
markers to explore include PTX-3; other acute phase proteins
(including serum amyloid A, which in SMART showed an
IQR OR identical to CRP), and other members of the innate
immune system including circulating cytokines such as
interferon-g (and interferon-responsive proteins such as IP-
10), circulating members of other innate systems such as com-
plement, and the expression of cell-based innate mediators
such as TLRs, gamma-delta TCRs, and others.

D-Dimer
D-dimer is a fibrin degradation product produced from

fibrin (the main product of plasma coagulation) by the
fibrinolytic system whose ultimate enzyme is plasmin. There-
fore D-dimer is an integrated measure of both coagulation and
fibrinolysis, although more reflective of the extent of the
former rather than the capacity of the latter. D-dimer predicts
venous thrombosis at all ages. D-dimer also predicts cardio-
vascular disease and mortality in middle-aged and elderly
people, more powerfully in the latter. In SMART, D-dimer
showed a remarkable ability to predict future mortality with an
IQR of approximately 40. Other summary measures to explore
include plasmin-anti-plasmin complex, and specific markers of
plasmin function such as fibrino peptides. The causes of the D-
dimer increase in HIV disease have been hypothesized to
include increased bacterial translocation (see sCD14, below);
alternatives have not been explored in any detail to date. Such
alternatives include coagulant imbalance (studied by examin-
ing individual coagulation factors), fibrinolytic insufficiency
(examined by studying individual fibrinolytic factors), and
platelet activation (difficult to study in frozen samples or even
in fresh samples, but some approaches exist). Also the role or
procoagulant genetic variation has not been explored. The
hazard ratios and stability of D-dimer are remarkable and
unique to HIV disease. It is expected that ongoing work with
diabetes mellitus (which may be a microthrombotic process)
might prove highly informative regarding the potential of
interventions to modify D-dimer among those individuals with
HIV infection.

Soluble CD14
sCD14 binds to lipopolysaccharides (LPS) and is

expressed on the surface of monocytes and macrophages

and is released into the circulation after activation of these
cells and/or after direct exposure to LPS. The level of sCD14
in plasma has been strongly associated with mortality in-
dependent of other factors (including LPS) in treated HIV
disease. Other options for monocyte/macrophage activation
include sCD-133 and LPS binding protein.

T-Cell Activation (CD38, HLA-DR)
The frequency of T cells expressing CD38 (which is

a cell surface ectoenzyme involved in regulating cell
activation) and HLA-DR (major histocompatibility complex
class II receptor) is markedly elevated in untreated HIV
infection and associated with mortality independent of HIV
RNA levels and CD4+ T-cell counts. The frequency of these
actively turning over cells declines with ART but often fails
to normalize. The prognostic significance of these cells in
treated HIV disease is not known.

T Cell Senescence (CD28, CD57)
After exposure to antigen, T cells differentiate toward

a terminally differentiated state, and in the process down-
regulate certain cell receptors such as CD28 and upregulate
other receptors such as CD57. A population of well-
differentiated “senescent” cells that have limited proliferative
potential and are potentially proinflammatory and apoptosis
resistant accumulates over time. A higher frequency of these
cells—including those that are CD28- and/or CD57+—has
been associated with cardiovascular disease in HIV-infected
adults and is believed to be causally associated with morbidity
in very old HIV-uninfected individuals.

HIV Burden
Although specific to HIV disease, it is possible that

measures of residual HIV burden during apparently effective
ART may provide useful information to understand why
some biomarkers remain abnormal during treatment. These
measures may also prove to have prognostic and therapeutic
significance independent of these other biomarkers.

Estimated Glomerular Filtration Rate
Renal function is multifaceted, and the endocrine (eg,

vitamin D metabolism, erythropoietin production) and other
kidney functions may not be well represented by glomerular
filtration alone. For example, estimated glomerular filtration
rate (eGFR) and albuminuria are independent predictors of
cardiovascular risk in those with chronic kidney disease.56

However, eGFR can be readily obtained from standard blood
chemistry panels and is an important component in multivar-
iate models of mortality and hospitalization in HIV-infected
persons.17,19,50,57 The role of decreased glomerular function
versus other renal functions perhaps implicated by eGFR is
an important area for future research.

Red Blood Cell Indices
A number of studies have noted the importance of

anemia and red blood corpuscle size/shape (typically
measured by mean cell volume and red blood cell
distribution width, respectively) as important indicators of
mortality and hospitalization risk in multivariate
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analyses.18 This is reminiscent of the epidemiologic link
between these indices and outcomes in those with end-stage
renal disease on dialysis and those with cancer-related anemia
in whom clinical trials of elevating hemoglobin through
erythropoietin injections sometimes had adverse consequen-
ces. Thus, understanding specific mechanisms within this
field is essential.

FIB 4 Index and Aminotransferase/Platelet Ratio Index
These composite markers of liver injury have been

repeatedly shown to indicate risk of liver fibrosis among those
with HIV and HCV infections.58 The FIB 4 Index is also
clearly associated with risk of all-cause mortality and strongly
predictive of incident hepatocellular cancer.55,59

The VACS Risk Index
VACS integrates a number of routine clinical bio-

markers currently followed as individual indicators in HIV
management.57,58 It includes HIV-1 RNA, CD4 count, hepa-
titis C coinfection, FIB 4 Index, eGFR, anemia, and age and is
substantially more predictive of all causes of mortality than an
index restricted to HIV-1 RNA, CD4 count, and age. Of note,
the VACS Index reflects both positive and negative effects
of ART over time,60–62 is correlated to IL-6, D-dimer, and
sCD1463 and is also predictive of Medical Intensive Care Unit
Admission.63 After adjusting for the VACS Index, IL-6 does
not substantially improve the discrimination of all-cause mor-
tality.63 Although the VACS Index predicts all-cause mortal-
ity more accurately than D-dimer or sCD14, the addition of
either marker results in improved risk classification.

Clinical Indices Derived in HIV-Uninfected Subjects
Perhaps the most broadly studied multicomponent

index in medicine is the Framingham index, and this has
been used in HIV-infected populations as well. Although it
predicts cardiovascular events, the thresholds may vary from
HIV-uninfected populations and may underestimate risk
and HIV-specific indices (eg, Data Collection on Adverse
events of Anti-HIV Drugs [D:A:D] CV index) that may be
more accurate.64–66

Other than the VACS Index studies of routine clinical
biomarkers, there is a paucity of data regarding the role of
markers of tissue function and injury in the context of
HIV disease. Examples of tissue-specific biomarkers which
may require validation in HIV disease include cystatin C
(a measure of kidney function and perhaps inflammation),
albuminuria (kidney function), fibrinogen (coagulation
system), tissue factor (coagulation system), high-density
lipoprotein/low-density lipoprotein (metabolic function),
soluble vascular cell adhesion molecule-1 (vascular func-
tion), E-selectin (vascular function), insulin levels (meta-
bolic function), adiponectin (metabolic function), telomere
length (aging), CSF tau (CNS), amyloid (CNS), and APO-E
status (CNS).

Priority Research Areas
The priority areas for focus in the development of bio-

markers and clinical prognostic indices are: (1) identifying
biomarkers indicative of residual disease; (2) characterizing

the link between chronic inflammation and immunodefi-
ciency during treatment-mediated viral suppression on bio-
markers and outcomes; and (3) comparing and contrasting
the risk and modifiable risk factors for non-AIDS conditions
among those with and without chronic HIV infection.
Some examples of specific high priority questions are listed
below.

Specific Knowledge Gaps

Prognostic Significance in HIV-Infected Versus
Uninfected Individuals

1. Do biomarkers in HIV-infected adults have the same prog-
nostic significance as they do in uninfected adults (eg, liver
dysfunction may alter levels of specific biomarkers and
their ability to predict subsequent disease)?

2. Do treatment-mediated changes in biomarkers have the
same significance in HIV and other diseases (eg, does
a statin-mediated change in cholesterol have the same
implications for HIV-infected and uninfected adults)?

Candidate Genes and Pathways

1. What candidate genes and pathways lead to poor outcomes
despite effective ART?

Innate and Adaptive Immunity

1. What are useful markers associated with innate and adaptive
immunity that correlate with important clinical outcomes?

2. Do interventions targeted at modifying coagulation (eg,
aspirin) in those with evidence of hypercoagulable states
(eg, elevated D-dimer) improve clinical outcomes?

Novel Biomarkers

1. Are there other biomarkers associated with fibrosis, liver
function, and coagulation more specific for this disease
process than D-dimer?

Process of Identification-Validation-Therapeutics
The process of going from pathogenesis to biomarker

identification/validation (in cross-sectional and longitudinal
studies) and then to therapeutics is being pursued in multiple
disease states and HIV-infected patients should be included in
these cohorts (eg, in ASPREE).

Types of Research Funding to Emphasize and
Available Cohorts

A greater investment in novel cohorts aimed at
studies on specific end-organ diseases is needed. Most
cohorts have focused on collecting clinical information
and specimens, which can inform issues related to HIV
disease. Novel approaches including multidisciplinary
teams should be formed to develop needed cohorts
to advance our knowledge in cardiovascular function,
metabolism, and other chronic diseases, especially those
that have a high impact on HIV-infected individuals either
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because of their association with HIV infection itself or
because of their severity and prevalence among those with
HIV. For example, hepatitis C is common among those
with HIV and has a different disease trajectory in the face
of HIV coinfection.

Most of the early work in novel cohorts is expected to
be observational. Initially analyses may be cross-sectional
and involve the identification of biomarkers associated
with important clinical outcomes that can be measured in
stored samples. This work should then rapidly move into
longitudinal studies to characterize how modifiable a bio-
marker may be and to identify treatments and behavior
changes associated with improvements in biomarker levels
over time. These analyses would be invaluable to the
design of strategic intervention studies and to inform
ongoing clinical management.

Eventually, randomized clinical trials will need to fully
test the utility of the biomarker—possibly as ancillary studies
to ongoing clinical trials. Then full-scale intervention studies
aimed at preserving end-organ function could be launched
using the biomarker or a panel or index of biomarkers as
the primary outcome (much as earlier antiretroviral treatment
studies used CD4 cell count and HIV-1 RNA). As an exam-
ple, drugs that protect kidney disease from inflammation-
associated or treatment-associated injury could be studied
in the context of smaller focused studies that use accepted
biomarkers of injury as an outcome.

A key related objective of future research is to deter-
mine when we can apply principles developed in non-HIV–
infected adults to those with HIV disease. Examples might
include angiotensin-converting-enzyme inhibitors in protect-
ing against kidney disease or bisphosphonates for osteoporo-
sis. Validated markers from the general population known
to be mediators of outcome could be investigated in HIV
disease to determine that these markers are at least responsive
to an intervention.

Finally, the most important work yet to be done is the
process of translating biomarker research from pathogen-
esis-oriented studies into the clinic. Such work will require
phase 2 and eventually phase 3 clinical trials. Resources
may need to shift from pilot correlative studies to larger
definitive interventional studies in which a therapeutic
intervention improves health. The role of a biomarker in
mediating this therapeutic effect can only be defined in
such resource-intensive studies. Although multiple inter-
ventions might be considered, it is reasonable to first
advance into clinical studies therapies which in other
disciplines have proven to be safe, well-tolerated, and are
aimed at unifying hypotheses (eg, inflammation). Also of
high priority is the study of drugs which affect develop-
ment of common non-AIDS conditions, but which might be
affected by HIV disease. As an example, adults with insulin
resistance and metabolic syndromes seem to derive re-
markable clinical benefit from the use of oral insulin-
sparing interventions. Such drugs could conceivably have
a number of positive benefits in HIV-infected adults with
subclinical metabolic conditions, including chronic inflam-
mation, early insulin resistance, and the presence of the
metabolic syndrome.

PART 3—AGING WITH HIV INFECTION:
MULTIMORBIDITY AND THE CLINICAL

RESEARCH AGENDA

Background

Statement of the Problem
HANA conditions are increasingly common and associ-

ated with aging and chronic inflammation. These include
cardiovascular disease, a number of infectious and noninfectious
cancers,9,10 osteopenia/osteoporosis,11 liver cirrhosis,12 and renal
disease.13,14 It remains to be seen whether people with HIV in-
fection develop these conditions earlier in their life course or are
simply at greater risk of developing aging-associated conditions
at ages observed among those without HIV infection.15

Of many useful geriatric concepts, 3 are particularly
relevant to intervention research among those aging with HIV
infection: frailty (which encompasses the concepts of multi-
morbidity and functional decline and vulnerability to illness);
chronic inflammation; and personalized care. These concepts
are highly related to each other in that all 3 recognize the
complex overlapping effects of multi-morbidity in aging, the
need to measure cumulative injury from multiple causes, and
the need to identify modifiable mediators of common pathways
of injury.

Frailty is a syndrome characterized in HIV-uninfected
adults, typically in their seventh, eighth, or ninth decade, by
muscle weakness, weight loss, fatigue, and low levels of
physical activity signifying a decreased ability to withstand
further injury.67 It indicates vulnerability to diverse adverse
health outcomes including treatment toxicity, functional
decline, hospitalization, surgical complications, and mortal-
ity. Although few middle aged individuals with HIV infection
demonstrate the full frailty phenotype,68 there is a concern
that those with HIV infection may have significantly
decreased physiologic reserve at younger ages than those
without HIV infection.69 Association studies among older
HIV-uninfected patients have demonstrated high levels of
inflammatory mediators, high levels of cortisol, activated
sympathetic nervous system, and activated clotting cascades
in frail compared with non-frail older adults.

The etiology of frailty is thought to be age-related and
multisystemic in nature. However, as among those without
HIV infection, a likely driving force behind this vulnerability
to injury is chronic inflammation.70–72 Chronic inflammation
and hypercoagulability occur when the body is exposed to
chronic antigen stimulation through a number of possible
mechanisms including chronic viral infection and microbial
translocation. It is thought to play an important role in many
diseases of aging including cardiovascular and rheumatologic
diseases. Biomarkers of chronic inflammation and hyperco-
agulability such as IL-6, sCD14, and D-dimer are elevated
among those with HIV infection compared with demograph-
ically matched uninfected controls and are higher still among
HIV-infected individuals with unsuppressed levels of HIV-1
RNA.73,74 These biomarkers were correlated with non-AIDS
events observed in the SMART study. Thus, the concept
seems relevant for those aging with HIV infection. As noted
in the prior section, those aging with HIV have many reasons
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to have chronic antigen stimulation including infection with
HIV and common coinfection with HCV, hepatitis B virus,
HPV, and CMV; microbial translocation from HIV75 and
from alcohol76 and oxidative stress from smoking, obesity,
and ART toxicity. These factors must also be considered
when evaluating biomarkers of chronic inflammation.

Interest in understanding chronic inflammation and
hypercoagulability and its role in the excess burden of disease
experienced among those aging with HIV infection stems
from a desire to evaluate diverse therapeutic approaches
shown to mitigate inflammation in other settings. These
include pharmacologic treatment and behavioral interven-
tions. If these interventions are to be grouped and prioritized
effectively, we need a means of comparing their effectiveness
for important patient outcomes. Outcomes of primary interest
remain morbidity, mortality, and cost. However, clinical and
experimental biomarkers might offer important insight and
prove useful intermediate outcomes for some studies, espe-
cially if they are considered as part of an integrated risk index
such as the VACS Index (see prior section).57,77

The concept of personalized care rests on the obser-
vation that those at greatest risk of a particular disease often
reap the largest benefit from screening and prevention
thereby justifying the risks and/or costs associated with
the intervention (screening test or preventative therapy).
It requires an accurate assessment of individual risk that
accounts for all-important sources of risk. An example of
this approach is the use of the Framingham Index in
cardiovascular disease management. The Framingham Index
is used to determine the patient’s individual risk of disease,
to indicate whether or not diagnostic tests such as a stress
test are indicated, and to tailor the approach to hypertension
and cholesterol treatment, and to monitor progress over
time. Patients at low risk of cardiovascular disease are not
given further diagnostic workup nor treated with cholesterol-
lowering agents even if the cholesterol is elevated because
this would more likely result in toxicity rather than in avert-
ing a very low probability cardiovascular event. Similarly,
hypertension is managed more aggressively in those with
diabetes than without. In both cases, this risk assessment
allows providers to identify those most likely to benefit from
an intervention and those for whom toxicity, polypharmacy,
or simply being distracted from more beneficial interven-
tions is a greater concern. Of note, newly developed bio-
markers of cardiovascular disease are compared with the
current standard (the Framingham Index) rather than in iso-
lation.56 Only biomarkers that substantially improve the ac-
curacy of the Index are likely to be adopted whether they are
based on genetics, proteomics, biochemistry, biometrics (eg,
blood pressure), or patient behaviors.55

Priority Research Areas

Studies comparing decreased organ system reserve (frailty),
its consequences among HIV-infected and HIV-
uninfected aging individuals and modifiable risk factors

Studies informing the characterization of the comparative
effectiveness of multiple and diverse intervention options
including both behavioral and pharmacologic interventions

Studies focused on personalized medicine in which guide-
line driven care is compared to an approach that deter-
mines care based on an individualized assessment of risks
and preferences

Specific Knowledge Gaps

Comparative Research to Inform Prioritization in
the Face of Complexity

The number of interventions shown effective among
those aging without HIV infection that may have benefit
among those aging with HIV is large and diverse. Their
applicability to this population will likely evolve as the
population with HIV continues to age. Most require substantial
time and resources. Further, with every intervention chosen for
implementation, time and attention is taken from other clinical
activities. Several kinds of outcomes must be considered to
inform this prioritization:

1. Both benefits and harms (including costs) of interventions
should be evaluated using metrics that allow integrated
comparison across studies to optimize care provided.
Comprehensive indices (eg, VACS Index) could be used
as a surrogate outcome allowing comparative analyses
across a wide range of behavioral and pharmacologic
interventions.

2. Some patients may strongly prefer a simplified regimen
and behavioral change to more medications with potential
toxicities. Thus, patient preferences should also be increas-
ingly considered as an outcome in intervention work.

3. Special populations: the relative balance of benefit and
harm and patient preference may vary in important ways
among special populations. Efforts are needed to charac-
terize these differences to inform tailored interventions.

Guideline Driven Versus Individualized Care
The geriatric literature has called into question the

wisdom of following all applicable primary and secondary
prevention guidelines among those with multimorbidity, poly-
pharmacy, and reduced life expectancy.78 These arguments
likely apply to those aging with HIV infection. For example,
the incremental benefit of aspirin, bisphosphonates, vitamin
D, and/or testosterone for osteoporosis based on low bone
mineral density among men with HIV has yet to be demon-
strated. The cost of competing attention to guidelines needs
to be characterized in terms of what is not accomplished in
the clinical encounter.

Synergistic Interventions
Interventions that have several types of beneficial

effects need to be comprehensively evaluated to characterize
their multiple beneficial effects.

1. Smoking and alcohol cessation (benefits may include adher-
ence to ART, decreased organ system injury, and improved
exercise tolerance)

2. Maintenance of normal body mass index (benefits may
include improved Framingham risk, improved liver func-
tion, and improved exercise tolerance)

3. Weight-bearing and aerobic exercise
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4. Falls prevention (increased exercise tolerance, decreased
fractures, avoided hospitalizations)

5. Treatment for HCV infection (improved VACS
Index, decreased inflammatory biomarkers, improved
functional status)

Provider Behavioral Interventions

1. Medication reconciliation, adherence interventions, and
efforts to reduce complexity of a patient’s treatment regimen
may avoid ART treatment interruptions, prevent liver, renal,
and bone marrow toxicity, and improve adherence.

ART Adjustment Versus Conventional Risk
Factor Mitigation

1. The relative importance of adjusting ART medications
with possible toxic side effects versus addressing conven-
tional risk factors requires careful evaluation. For exam-
ple, given the substantial excess risk of myocardial
infarction among those with HIV infection compared
with demographically similar uninfected controls, the
benefits of conventional management of risk factors
according to the Framingham index versus ART adjust-
ments should be explored in observational and random-
ized studies.

Types of Research to Emphasize and
Available Cohorts

There is a need for methodologic studies, observational
data analyses, and carefully designed clinical randomized trials:

Methodologic Questions

1. Prior cohorts (eg, NHANES) may have limited generaliz-
ability to those with HIV infection due to behavioral and
demographic differences. Who are the appropriate demo-
graphically and behaviorally matched controls for these
studies?

2. Beyond all-cause mortality, what are appropriate outcomes
to compare across diverse intervention and observational
studies?

3. How could these outcomes be employed across a variety
of studies and compared?

4. Can risk indices be adapted to those with HIV infection?
Do they qualify as surrogate endpoints? What are their
limitations in this regard?

5. Do Framingham or other established risk scores “work”
among those with HIV infection?

6. When we compare disease outcomes other than death
among those with and without HIV infection, how should
adjustment for substantial differences in competing risk of
death be accomplished?

Observational Studies and Randomized
Clinical Trials

Better observational data are needed characterizing
polypharmacy, nutritional status, and multimorbidity among
those with HIV infection and comparing its associated
outcomes among those with HIV infection and demograph-
ically and behaviorally similar controls. This information can
then immediately inform intervention studies.

For example:

Observational Studies

1. What are the common clusters of conditions experienced
by those with HIV infection and how does their co-occur-
rence influence response to treatment and outcomes?
a. How do liver and/or renal disease influence the risk of

cardiovascular disease?
b. Are the adverse effects of hypertension accentuated

enough among those with HIV infection to justify more
aggressive management (akin to that used in diabetes)?

c. Should smoking cessation be paired with other
behavioral interventions (alcohol cessation, physical
conditioning, health coaching) to improve quit rates?

d. Are patients who started ART at lower CD4 cell counts
at higher risk for long-term morbidity?

e. Are there special populations of patients at particularly
higher or lower risk for these conditions (ie, women,
older men who have sex with men, those addicted to
drugs or alcohol)?

2. How do common non-HIV treatments (eg, acetaminophen
and liver cirrhosis, proton pump inhibitors, and osteopo-
rosis) influence risk of HANA conditions?

3. What is the role of nutritional deficiencies and long-term
low-level malabsorption in development of chronic illness/
HANA conditions?

By studying “natural experiments” (ie, studies in which
the treatment assignment is haphazard and not made by the
investigator) in observational data, we can determine what
interventions and intervention strategies may seem the most
promising among those aging with HIV infection.

1. How much improvement is there in the risk of mortality
when HIV-infected individuals

Stop smoking
Control their blood pressure
Stop or decrease alcohol consumption
Lose weight (or avoid excess weight gain after ART)
Exercise
Stop taking liver or renal toxic medications (for
HIV-related and/or non–HIV-related conditions)

2. Conversely, how much is the risk of mortality increased when
smoking, drinking, or toxic medications are increased?

3. Are there differences in adipose tissue deposits with weight
“re-gain” after initiation of ART vs. weight maintenance
with earlier initiation?

4. Will specific nutritional or exercise interventions change
the character of weight “re-gain” and alter risk
associated with specific body composition?

5. Are there differences in those starting ART now vs. those
who have had the experience of serial monotherapies or
lipotoxic agents (eg, stavudine)?

Randomized Clinical Trials
Ultimately randomized clinical trials will need to

test central approaches to aging with HIV infection. These
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will likely need to focus on key strategies rather than
individual interventions and, likely, should represent a com-
bination of behavioral and therapeutic approaches.
The wisdom of combining behavioral and therapeutic
approaches has already been demonstrated in the treatment
of depression, alcohol addiction, and smoking cessation.
For example,

1. Initiation of ART as a “teachable moment” at which
patients might be open to other health interventions such
as exercise, smoking cessation, and blood pressure control
compared with delaying these interventions until the
patient is adherent to ART.

2. Comparison of individually tailored and adapted care to
guideline (HIV and primary care) driven care.

3. Optimization of liver outcomes among those with HIV
and HCV coinfection, which include approaches to
screening for fibrosis (FIB 4), among those with evi-
dence of liver injury. A trial may randomize people to
receive alcohol cessation, exercise, dietary modifica-
tions, and medication review for toxic medications ±
HCV treatment or other interventions targeted to reduce
hepatic fibrosis.

4. Tailored care to the individual may randomize people
to usual care versus medical management guided by
the VACS Risk Index, frailty phenotype, or other
integrated risk assessments for total morbidity and
mortality and evidence-based care to address early
modifiable factors including early signs of cardio-
vascular, pulmonary, liver, renal, and bone or bone
marrow injury.

5. Studies focused on a particular source of injury (eg, low
bone mineral density) should consider adverse consequen-
ces of treatment including decreased adherence to other
therapies, toxicity, and costs.

6. Small proof of concept trials should be used to identify
interventions that reduce HIV-associated inflammation
and/or immune activation. Those interventions with prom-
ise could then be moved into larger studies aimed at
improving multimorbidity and survival.

Specific Issues in Women Aging With HIV
An increasing number of women with HIV will

now live through the menopausal transition and beyond.
Given what is already known about menopause and
estrogen deficiency in HIV-uninfected populations, par-
ticularly as it relates to cardiovascular disease, metabolic
syndrome, bone health, and cognition, understanding how
menopause and HIV, including its treatment, may interact
is critical for successfully reducing the disease burden for
women aging with HIV. With emerging evidence that
long-term HIV infection and its treatment may increase
risk for the same comorbidities associated with repro-
ductive aging, a greater understanding of the effect of
sex hormones on the trajectories of HIV disease
progression and development of HANA comorbidities
is important to both prevent and treat these conditions
more effectively.

PART 4—SOCIETAL INFRASTRUCTURE, MENTAL
HEALTH/SUBSTANCE ABUSE, AND CARE

GIVING ISSUES

Background

Statement of Problem
Due largely to the advances of ART, in industrialized

countries, HIV has been transformed into a manageable
chronic condition leading to the emergence of a large
population aging with this disease. However, the quality of
life in adults aging with HIV is in question due to medical
complications, comorbidities, polypharmacy, substance use,
poorer mental health, social isolation, and stigmatization from
health care providers and society at large.79

Likewise, the burgeoning population of older adults
with HIV also faces considerable psychosocial challenges
with regard to social engagement and interaction, adequacy of
informal social supports and care giving resources, and
utilization of community-based services to meet their growing
needs. Numerous studies have documented that those aging
with HIV tend to have limited and inadequate social net-
works, especially with regard to traditional familial support.79

These truncated social networks result from a variety of rea-
sons, including HIV stigma and resultant social isolation due
to rejection from social network members and self-protective
withdrawal. Social network insufficiency may also be attrib-
uted to histories of incarceration and use of alcohol, tobacco,
and psychoactive drugs. Such isolation has been linked to
high levels of loneliness and depression and insufficiency of
instrumental and emotional support from both family and
friends. These limited social networks also have negative
implications for care giving resources for an aging population
with HIV because caregivers are typically drawn from these
networks. As a result, this population will need to rely on
formal community-based services in the near future, yet
this is complicated by frequent service barriers (eg, knowl-
edge and access to services, ability to afford services) and
cultural competency issues of mainstream service providers
interacting with an HIV-infected population.80 Furthermore,
some community-based resources, such as faith-based organ-
izations, may have resources to meet the needs of older adults
with HIV, but are likely underutilized due to stigma issues
and a lack of understanding of the service needs of these
older adults.81

The primary objective of this component of the research
program is to enhance our understanding of the socio-
behavioral influences on aging with HIV to enhance positive
outcomes (eg, quality of life, adherence, and “successful
aging”). Aging is a complex process physically, mentally,
and socially which takes place within societal infrastructures
such as the medical community; this complexity increases
with HIV disease. Those who have aged with HIV are often
very different from those who have contracted HIV in later
life. Additionally, HIV affects those from a variety of social
and ethnic backgrounds, some who have more competencies
and resources to cope with the disease.81 Therefore, exploring
the basis for health disparities among those aging with HIV
remains a priority. Finally, because of the complex nature of
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aging with this disease, a transdisciplinary, multiprofessional
team approach is encouraged to investigate how to improve
functioning and quality of life for these individuals.

Although many topics can be studied in relation to
aging with HIV, objectives focus on, but are not limited to,
the topics outlined below. Future research projects should use
a wide variety of scientific methods to address these
objectives including cross-sectional and longitudinal survey
designs, translational research, and secondary data analysis.
Studies should also place special emphasis on participation of
women, minorities, and rural populations.

Priority Research Areas

Studies on HIV prevention in older adults
Studies on the effects and management of co-morbidities in

older adults with HIV
Studies on the mechanisms of successful aging in older adults

with HIV
Studies on the cognitive effects of older adults with HIV and

possible interventions
Studies on the mental health effects of older adults with HIV

and possible interventions
Studies on substance use in older adults with HIV
Studies on networks and care giving of older adults with HIV
Studies on community resources and infrastructure issues

affecting older adults with HIV
Studies focused on issues of women aging with HIV, at risk

for HIV or providing care for those with HIV

Specific Knowledge Gaps

HIV Prevention in Older Adults

It is uncertain what older adults know about HIV and safer
sex. In addition, for those who have the knowledge,
little is known about the barriers to practicing safer
sex. In a time in older adulthood when there may be
divorce, widowhood, or even incapacitation of a spouse
due to a disease, opportunities for new sexual partners
may emerge.

This vulnerability is further complicated in many normal
older adults by poorer cognitive functioning, health dispar-
ities, depression, mental illness, and substance use. Studies
investigating these sensitive and complex issues are
needed along with innovative prevention, education, and
intervention research programs.

Specifically, how do older adults negotiate safe sexual prac-
tices with partners? What do older adults know about pre-
venting transmission of HIV and other sexually
transmitted diseases?

What types of educational programs would be most effective in
preventing transmission in this population? What are the
specific factors that contribute to risky sexual behaviors
and what interventions are effective in reducing such risk?

Many women more than 50 remain sexually active but do not
appreciate their HIV disease risk as contraceptive choice
no longer plays a role in sexual decision making. Do
physical changes in the vaginal-cervical environment do
and systemic hormonal level changes confer greater risk

for HIV acquisition? This has major implications for
targeting HIV prevention messages for this population
historically excluded in HIV prevention campaigns.

Effects and Management of Comorbidities

A diagnosis of HIV entails learning new information about
viral load, CD4+ lymphocyte count, and a host of other
health information.82 Yet, with increasing age, comor-
bidities are more frequent; this means that older adults
with HIV will need to acquire and integrate additional
medical information in order to manage HIV with
comorbidities.83

How older adults with HIV do so is not well understood, espe-
cially in view of cognitive problems, depression, polyphar-
macy, substance use, and other complications.84

How effective are older adults in integrating information
about HIV with information about other comorbidities
they have? What are complications that older adults with
HIV have in managing multiple diseases?

What are the common polypharmacy issues that confront
this population and what interventions can be used to
address them?

Successful Aging in Older Adults With HIV

There are many adults with HIV who are aging well with this
disease despite certain personal and physical losses.85,86

Not only is it important to examine the problems associ-
ated with living with HIV, it is also important to
encourage and translate research findings for those not
successfully aging.

Studies with an emphasis on positive psychology, mindfulness,
hardiness, resilience, social support, self-efficacy, and spir-
ituality are encouraged. Why are some older adults with
HIV more resilient and hardy than others?

What interventions can increase hardiness and resilience in older
adults with HIV to improve their ability to successfully age?
How are these positive traits and perceptions related to self-
management of health and medication adherence?

Cognitive Issues in Older Adults With HIV

Cognition is threatened in many older adults with HIV87;
however, there may be several causes for such declines
such as increased depression and anxiety, more social iso-
lation, poverty, substance use, not being employed, inflam-
mation, comorbidities, etc.87

Many cognitive studies recruit adults who may be unemployed,
have mental health and substance use issues, and have poor
education.88 Such studies also need appropriate non–HIV-
infected controls (ie, matched on education and income).89

Although it is important to study cognition in this group,
studies are also needed to examine those who are also suc-
cessfully cognitively aging who may still be working and
thereby be stimulated cognitively.

Few cognitive interventions have been attempted in older
adults with HIV, especially those with cognitive
problems.91 Studies are needed to examine these issues
and investigate novel ways of protecting or improving
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cognitive and everyday functioning (eg, driving, medica-
tion adherence) in this population.

Cognitive decline in women aging with HIV—a better under-
standing of cognitive function, including sex/gender-
related predictors of neurocognitive impairment in women
aging with HIV will require the following: (1) identification
and validation of gender sensitive screening and assessment
tools, (2) comparisons with age, race, and risk-matched
HIV-uninfected female and HIV-infected male cohorts,
and (3) accurate measurement of potential mediator/moder-
ator variables including menopausal staging, substance use,
mental health, and gender-specific exposures (sexual abuse
history, etc).

Mental Health Issues in Older Adults With HIV

Mental health issues remain a significant problem; some stud-
ies show that depression is as high as 50% and anxiety as
high as 20% in older adults with HIV.84 Other mental
health issues such as bipolar disorder, schizophrenia, and
substance use contribute to and exacerbate everyday
functioning, medical management, and sexual decision-
making.

How do such mental health issues impact medical compliance
and medication adherence in older adults with HIV?

What interventions are effective in reducing the incidence of
mental illness, which increases the functionality of older
adults with HIV?

What is the relative impact of perceived vs. actual social
isolation on mental health?

Substance Use in Older Adults With HIV

Substance use has played a critical role in the HIV epidemic,
through direct transmission behaviors (eg, sharing
injection drug use equipment) and through the influence
of substance use (drugs and alcohol) on increasing risky
sexual behaviors.92 What is the influence of substance
use on HIV transmission in older adults, including
heterosexuals and men who have sex with men?

Among older adults living with HIV, what is the influence of
substance use on medication adherence, comorbidities, and
treatment outcomes?

What are some potential interventions addressing substance
use (including illegal drugs, alcohol, and smoking) and its
impact on adherence and retention in HIV care?

Misuse of prescription drugs can easily happen in a medically
vulnerable population. How can this impact HIV prevention
and care in older adults?

Networks and Care Giving in Older Adults
With HIV

The limited and fragile friend-centered social networks of
many older adults with HIV has been well documented,
but we lack an understanding of how these networks have
evolved over time and how they will change with the aging
of this population.

Meanwhile, stigma remains a powerful factor for those living
with HIV, including those who are older. Older adults with

HIV may be multiple stigmatized by their HIV serostatus,
sexual orientation, race, gender, age, or other factors
(eg, substance use).85

To what extent have histories of incarceration and use of
alcohol, tobacco, and psychoactive drugs impact on social
network composition before HIV diagnosis?

What are the immediate and long-term effects of an HIV
diagnosis on social network composition? How do these
social networks change as these individuals age with
HIV? To what extent is social network insufficiency the
direct result of stigmatizing and discriminating behaviors
on the part of others?

Who provides care giving assistance in times of need (ie,
family, friends, or paid helpers), and what is the preferred
source of assistance for this population?

What types of interventions could be implemented to increase
opportunities for socialization and decrease isolation in
this population?

Community Resources Affecting Older Adults
With HIV

At a time of retrenchment on the part of government and
private funders in supporting services for people living
with HIV, it is paramount that we effectively leverage
existing resources to meet the needs of this growing and
aging population.

What factors are associated with older adults with HIV turn-
ing from informal supports to nonmedical community-
based services?

What are the support preferences of older adults with HIV and
how do they differ from older adults in general? What
types of education, training, and capacity-building pro-
grams are most effective in assisting senior service pro-
viders to meet the needs of those aging with HIV?

How can underutilized community resources, such as faith-
based organizations, be enlisted to meet the support and
care needs of older adults with HIV despite institutional
barriers of stigma and a lack of awareness of this popula-
tion in their midst?

Infrastructure Issues Affecting Older Adults
With HIV

Given their high rates of physical and mental health comor-
bidities and their lack of informal social supports, older
adults with HIV can be expected to have growing service
needs in the coming decades. However, they are likely to
experience service barriers when attempting to engage
community-based providers.

How the nation’s infrastructure, or lack thereof, can provide
services and care for this growing population is not clear
and needs to be investigated at several levels (community,
statewide, regionally, nationally).

Another infrastructure concern is that service providers may not
have the knowledge or skills to effectively interact with
those older adults with HIV. Do medical professionals have
an adequate understanding of the polypharmacy issues sur-
rounding this population? What are the service needs of
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older adults with HIV, sources of support for such needs,
and the extent of unmet need for services?

What types of service delivery options are associated with
more favorable clinical and psychosocial outcomes? What
are the types and extent of service barriers for the older
adult with HIV? What types of interventions are most
efficacious at reducing barriers to service?

Specific Issues in HIV/Aging for Women

Traditional Gender Roles in Older Women with HIV—
Women with or at risk for HIV infection are a partic-
ularly disempowered group in that they tend to be
poor, African American or Latina, and often have
a history of trauma. Investigating the degree to which
women identify with traditional gender role norms, such
as prioritizing care for others over self-care, silencing the
needs of the self to avoid relational conflict and loss, and
subordinating themselves to male partners has been
associated with poor outcomes in many chronic
diseases. Also, women utilizing active coping strategies,
such as seeking education, being persistent, and “making
meaning” (ie, the act of "making sense" of an experi-
ence) have been shown to have better quality of life
and health outcomes. Understanding internalized gender
roles and their relationships to coping strategies is par-
ticularly important because the quality of women’s rela-
tionships with their sexual partners, family members, and
providers affects how they contract and cope with HIV
and adhere to HIV treatment.

The demands of the aging process may mean self-care may
become even more important in maintaining quality of
life at older ages than it is at younger ages. Further,
“meaning making” may be an especially important
coping strategy for older women because of their de-
velopmental life stage. Being able to derive some
sense from their many years of past experience may
be especially important compared to its importance for
younger women who more often are looking ahead to
the future.
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