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Abstract

People aging with HIV (PAWH) infection experience greater impairments in physical and cognitive function, in
addition to higher rates of peripheral comorbid conditions (e.g., renal failure, diabetes, bone fracture, hyper-
tension, cardiovascular disease, polypharmacy, and multimorbidity). While multifactorial drivers, including
HIV infection itself, antiretroviral therapy-related toxicities, disparities in care, and biobehavioral factors, likely
contribute, there remains an overarching question as to what are the relevant age-related mechanisms and
models that could inform interventions that promote health span and life span in PAWH? This workshop was
convened to hear from experts on the biology of aging and HIV researchers studying PAWH to focus on
advancing investigations at the interface of HIV and Aging. In this study, we summarize the discussions from
the Harvard Center for AIDS Research and Boston Claude D. Pepper cosponsored workshop on HIV and Aging,
which took place in October 2018.
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Introduction

In October 2018, an HIV and Aging workshop at Harvard
Medical School was held to bring together basic and

clinical experts working at the interface of HIV and the
biology of aging, as well as National Institutes of Health
(NIH) leadership. Specific emphases included the role(s) of
community, the biology of aging, HIV and aging, biomarker
discovery, methods, and alignment with NIH priorities. This
workshop reflects an ongoing robust collaboration between the
Harvard University Centers for AIDS Research (HU CFARs)
and the Boston Claude D. Pepper Older Americans Indepen-
dence Center (aka ‘‘Boston Pepper Center’’).

The CFARs, initially founded in 1988, have made sub-
stantial advances in HIV-related basic, clinical, and biobe-
havioral research, but have, until very recently, lacked
focused resources or expertise in aging biology, clinical
phenotypes, or functional measures. Initially founded in
2003, the Pepper Centers (currently 14 throughout the United
States) have advanced research into the causes, mechanisms,
prevention, and treatment of functional decline with age.
Pepper Center investigators in the context of geroscience
have developed and refined multiple measures of physical
function, as well as defined phenotypes and mechanisms of
aging and disability. Multimorbidity, functional decline, and
disability have typically been research domains of geriatrics
and gerontology. However, assessment tools developed in the
context of geriatric populations may not be optimal in the
context of chronic HIV infection and aging.

Collaborations between centers of aging and cohorts or
centers of HIV, such as CFARs and Pepper Centers, are un-
iquely positioned in their complementary expertise to ac-
celerate improvements in the health span of people aging
with HIV (PAWH). While effective antiretroviral therapy
(ART) is allowing PAWH to live near normal life spans, they
nevertheless experience earlier onset of functional and cog-
nitive decline and are at greater risk for age-related co-
morbidities, including cardiovascular disease (CVD) and
cancers that substantially reduce quality of life (QoL) com-
pared to uninfected people.

This workshop leveraged national expertise from multiple
Pepper Centers and CFARs, as well as local expertise from
Harvard Medical School and affiliated hospitals, the Boston
Pepper Center, and the Paul F. Glenn Center for the Biology
of Aging, with the singular purpose of accelerating investi-
gation at the interface of HIV and aging.

Overview of Workshop Presentations

The workshop was organized into five sessions, with open-
ing comments from the Director of the Boston Pepper Center
(Shalender Bhasin) and the Director of the HU CFAR (Bruce
Walker), followed by a community panel discussion led by
Bisola Ojikutu (panel: Julia Tripp, Jeff Webb, Julie A.Wo-
mack) that discussed gaps and challenges remaining in people
living with HIV (PWH).

The first session focused on the biology of aging with five
speakers (David A. Sinclair, Michael B. Schultz, Ram Miller,
James Mitchell, William J. Evans). David A. Sinclair and
Michael B. Schultz presented data supporting the therapeutic
potential of nicotinamide adenine dinucleotide (NAD)-
boosting molecules in the context of inflammation and aging

and potential relevance for NAD in HIV infection.1 Ram
Miller summarized recent and ongoing interventional ap-
proaches that target aging and senescence, including senes-
cence pathways (e.g., rapalogs and mTOR, IGF1),2,3 efforts
to reduce immunosenescence and enhance immune func-
tion,4–6 and senolytic agents that target senescent cells.7,8

James Mitchell discussed research on adaptive responses to
genotoxic stress, including effects of DNA damage and repair
effects on energy metabolism, in models of premature aging.
Data were summarized indicating that loss in subcutaneous fat
due to adaptive changes in energy metabolism is a common
feature in segmental aging phenotypes and may be driven by
cellular senescence9,10 and inflammation.11 Interestingly, fat
loss associated with premature aging may, in part, be an adap-
tive beneficial response to DNA damage to maintain energy
balance. A better understanding of which aging-related changes
are primary versus adaptive is essential for targeted antiaging
strategies.12,13 William J. Evans discussed sarcopenia as an
age-related loss of skeletal muscle mass.14–18

The second session focused on studies related to HIV and
aging with four speakers (Amy Justice, Kristine M. Erland-
son, Monty Montano, Jennifer Schrack). Amy Justice sum-
marized data on the elevated use of multiple medications
(i.e., polypharmacy) in PWH compared to uninfected indi-
viduals.19 The utility of the Veterans Aging Cohort Study
(VACS) index as a measure of mortality risk and physiologic
frailty was discussed, as well as the potential for frailty to
confound measures of adverse outcomes in the context of
polypharmacy.20 Kristine M. Erlandson summarized recent
data on physical function and frailty in PWH, with an em-
phasis on distinguishing impairment, functional limitations,
and disability in relation to frailty.21 Summary data were
presented indicating that impairments are more pronounced
among PAWH compared to uninfected22–24 and that exercise
at a high intensity may improve muscle strength in PAWH.25

Monty Montano discussed whether aging with HIV is ac-
celerated or asynchronous (i.e., some but not all features of
aging present). Summary data were presented on preclinical
risk for functional deficits that appear prematurely but occur
asynchronously with other stereotypical features of aging.
Summary data were presented on emerging deficits in func-
tion in middle-aged PAWH.26,27 Jennifer Schrack discussed
energy expenditure and aging and presented data that pro-
filed HIV-related decline in aerobic capacity with age and
increasing burden of multimorbidity on energy reserves
and metabolism.24,28,29 Summary data indicated that PWH
have higher resting metabolic rates, slower peak and usual
walking speed, lower aerobic capacity, and lower physical
activity (PA).

The third, fourth, and fifth sessions focused on biomarkers,
research methods, and NIH initiatives. In the third session
Paola Sebastiani described genomic and proteomic bio-
markers of aging and led a panel discussion (panel: Kathy
Anastos, Lishomwa Ndhlovu, Savita Pahwa). Data on cen-
tenarians were summarized that described compression of
morbidity associated with signatures composed of genetic
variants. The possibility of a priori prediction based on in-
teraction of variants with environment was discussed.30,31 In
the fourth session, Marco Pahor described the measurement
of geriatric outcomes and led a panel discussion (panel:
Susan Cu-Uvin, Richard T. D’Aquila, Nicholas T. Funder-
burg, Alice S. Ryan, Raymond Yung). Geriatric outcomes of
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Table 1. HIV and Aging Priorities of the NIH

NIA
With the growing population of aging individuals living with HIV on cART, many studies on HIV/AIDS are relevant to

NIA’s mission to support and conduct genetic, biological, clinical, behavioral, social, and economic research on aging.
Example topics include: Interactions among aging-related genetic, molecular, and cellular changes with HIV risk,
infection, and pathogenesis; Interactions among HIV/AIDS, other diseases, social structural variables, and population
aging (including in low-income areas to understand how individual, interpersonal, social, structural, and other factors
contribute to physical, psychological, and economic well-being); interactions among HIV infection, treatment, and
development or progression of cognitive decline, dementia, and other disabilities in older adults; and interactions of
HIV infection and treatment with other aging-related diseases, conditions, and syndromes and ‘‘geriatric’’ approaches
to assessment and management of older adults with HIV. The NIA also described a significant interest in support for
early clinical investigators offered through the Grants for Early Medical/Surgical Specialists’ Transition to Aging
Research (GEMSSTAR) program for junior faculty physicians or dentists interested in a research career bridging their
specialty and aging, which can be applied to HIV studies.

NCI
NCI as a participating institute seeks to foster research studies to help understand how aging in the presence of chronic

HIV infection affects the risk, spectrum, and biology of cancer (AIDS-defining and non-AIDS-defining cancers).
Recent data indicate an increase in the non-AIDS-defining cancers that is driven to a large extent by the growth and
aging of the HIV/AIDS population. Aging is by itself a key factor promoting the development of many cancers, and
there are a lack of data on the interplay between aging, HIV, long-term exposure to antiretroviral drugs, and other
factors promoting cancer development in the aging population. In addition, there is little understanding of the interplay
between host factors and immune perturbations that occur in aging and how these interactions affect cancers that are
mostly seen in older people (e.g., Kaposi’s sarcoma and Merkel cell carcinoma).

NIAAA
Patterns of alcohol use among HIV-infected individuals are associated with increased morbidity and mortality from multiple

causes. Research priorities for NIAAA include the impact of alcohol use and its interaction with HIV and antiretroviral
medications in both causing and adapting to accelerated disease progression. Alcohol may cause increased inflammation,
and the accumulation of toxicities results in organ and tissue damage impacting the gut, liver, and brain. Research should
address the development of interventions for health care providers to screen for early signs of these conditions, and
preventive interventions should be developed, tested, and implemented to ameliorate the interaction of current or past
acute and chronic use of alcohol on patient frailty and associated health outcomes over the life span.

NIAMS
NIAMS is interested in studies that investigate the effects of HIV infection and/or antiretroviral therapy on

musculoskeletal and skin tissues and diseases. Proposed research should focus on chronic diseases and conditions in
older adults and/or arising in the context of long-term HIV infection and/or antiretroviral therapy. Mechanistic
ancillary studies that leverage existing HIV/AIDS cohorts and clinical trials are encouraged.

NIDCR
NIDCR is interested in research that investigates the effects of HIV infection and treatment on dental, oral soft and hard

tissues, and salivary glands. Specifically, changes in these tissues with relation to aging adults and premature aging of
oral tissues in chronic and acute HIV infections are of high priority.

NIDA
NIDA strongly encourages new interdisciplinary collaborations on a wide range of issues focused on HIV in aging high-

risk, substance-abusing populations, including those with multiple infections (e.g., HIV and HCV).

NIMH
NIMH’s overarching angle in HIV and aging is interdisciplinary, conceptually grounded HIV research studies in

behavioral/clinical science research, and basic/clinical neuroscience research of older adults.

NINDS
CNS. Research to define and elucidate novel mechanisms of pathogenesis that are driving neurocognitive decline at the

intersection of HIV-associated neurodegenerative processes and aging-associated CNS diseases.

NHLBI
NHLBI supports research on the prevention and treatment of heart, lung, blood, and sleep disorders. As the population of

individuals living with HIV/AIDS ages, the interplay of the viral infection, antiretroviral therapies, and complicating
chronic conditions becomes increasingly important. For this initiative, NHLBI is interested in basic, epidemiologic, clinical
translational, and interventional studies, as well as implementation science research on topics such as, but not limited to:
Elucidating the impact of accelerated senescence, HIV, and antiretroviral therapy on the pathogenesis of HIV associated
cardiovascular (e.g., heart failure) and lung diseases (e.g., chronic obstructive pulmonary disease, pulmonary hypertension,
and pulmonary fibrosis); Understanding the changes in hematopoiesis that occur with HIV infection, including changes in
the hematopoietic stem cells and the stem cell niche; Developing stem cell strategies as a means to cure HIV infection;
Understanding the impact of disordered sleep and sleep-disordered breathing on cardiovascular and pulmonary disease
risks and exploring strategies to reduce these risks; Investigating interventions aimed at reducing HIV-related heart, lung,
and blood diseases by modifying or eliminating more traditional risk factors such as smoking, metabolic disturbances,
hypertension, and coagulation abnormalities; and Developing strategies for novel biomarkers or other measures to detect
subclinical HIV-related heart, lung, and blood diseases and strategies to mitigate the manifestation of clinical disease.

cART, combination antiretroviral therapy; CNS, central nervous system; NCI, National Cancer Institute; NHLBI, National Heart Lung
and Blood Institute; NIA, National Institute on Aging; NIAAA, National Institute on Alcohol Abuse and Alcoholism; NIAMS, National
Institute of Arthritis and Musculoskeletal and Skin Diseases; NIDA, National Institute on Drug Abuse; NIDCR, National Institute of Dental
and Craniofacial Research; NIMH, National Institute of Mental Health; NINDS, National Institute of Neurological Disorders and Stroke.
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interest included measures of physical function, cognitive
function, body composition, patient-reported outcomes
(PROs), falls, and estimates of cost effectiveness, and exer-
cise as medicine.32–38 The fifth and final session focused on
NIH support for HIV and aging research. The speaker Basil
Eldadah described the view from the National Institute on
Aging (NIA) and led a panel discussion [Geraldina Dom-
inguez/National Cancer Institute (NCI), Gallya Gannot/ Na-
tional Institute of Dental and Craniofacial Research
(NIDCR), Leia Novak/ National Heart Lung and Blood In-
stitute (NHLBI)] on initiatives and emerging opportunities
(Table 1). The following sections in this review reflect a
summary of major themes of discussion across the sections,
as well as conversations emerging from the community panel
discussion.

HIV and aging geroscience

This thematic reflects views from the experts on the bi-
ology of aging and HIV researchers studying PAWH to
evaluate whether there is a discrepancy in chronological age
(the time after birth) versus biological age (pathological
factors and functional status in reference to chronological
peers).39 Discussions were centered on molecular factors and
pathways that influence or drive biological aging. There was
a consensus in the need to distinguish chronological age from
biological age and to develop assessment tools and bio-
markers to reflect differences in life histories.

In addition to higher rates of peripheral comorbid condi-
tions (e.g., renal failure, diabetes, bone fracture, hyperten-
sion, CVD, and multimorbidity),40 PAWH appear to
experience greater impairments in physical and cognitive
function, with development of impairment in activities of
daily living and frailty seen at younger than expected ages in
multiple cohorts.41 For example, in the Multicenter AIDS
Cohort Study, the percent of visits with a frailty phenotype
dramatically increases at ages >50 among men aging with
HIV compared to uninfected men,22 and despite effective
ART, the decline in gait speed and grip strength was greater
in men aging with HIV infection.24,42 While multifacto-
rial drivers, including HIV infection itself, ART-related
toxicities, disparities in care, and biobehavioral factors,
likely contribute,43 an overarching question is how PAWH
may differ from aging in people without HIV, and what
are the relevant mechanisms and models that could inform
interventions?

Based on multiple nonhuman models and more recently
human studies of biological aging, there has been substantial
progress in identifying genes and pathways that influence the
pace of aging. Evidence exists for biological mediators that
accelerate aspects of aging, such as in progeroid syndromes,
leading to what can be characterized as a shortened life span
due to premature presentation of a distinct subset of biolog-
ical alterations more often seen in older individuals. There
are also studies showing decreases in the pace of aging that
compress morbidity, increasing life span and longevity.30,44

Efforts to measure differences in the pace of aging in humans
have contrasted chronological age with biological age, de-
fined as a set of variably defined biomarkers with expected
normative values for a given chronological age.45,46 Diver-
gence in these two measures of aging can suggest pathology.
Implicit in the concept of accelerated aging is the expectation

that clinical conditions of aging (i.e., frailty and cognitive
decline) appear at earlier ages. While it is unlikely that one or
even a few genes or pathways fully explain the rate of bio-
logical aging, there is a convergence in biological pheno-
types, often described as the pillars of aging.47 These pillars,
or processes of damage accumulation or dysfunction, de-
velop subclinically before overt clinical evidence for func-
tional compromise.42

As increasing numbers of PAWH make it to retirement age
and beyond, and before disability designation, they are facing
the dual burden of managing their disease and an apparently
accelerated aging process. Many of the manifestations of this
dual burden are subclinical, but still greatly affect QoL, such
as decreased energy availability and increased chronic in-
flammation. The question is whether our understanding of the
aging process can help people with HIV age more slowly.
Data presented at the recent HIV and Aging workshop at
Harvard Medical School suggest that the field of aging bi-
ology may be able to inform the treatment of those afflicted
with HIV long term. Work from David Sinclair’s laboratory
and others is focused on the metabolite NAD+, whose levels
fall during aging and in various disease states. Restoration of
NAD+ levels improves DNA repair, mitochondrial function,
and endurance capacity and reduces inflammation. For ex-
ample, aged mice given a NAD+ precursor for 2 months
improved blood flow to their muscles allowing them to run
50% further.48 The underlying mechanisms driving the long-
term effects of chronic infection and of aging may be shared.
Therefore, a better understanding of the effects of this mol-
ecule on aging and inflammatory pathways may yield pro-
found benefits for the health of those with HIV and other
chronic diseases.

Immune dysregulation: inflammation, activation,
vaccine response

Inflammation is a common driving feature of both HIV
disease and biologic aging (where it is termed inflammaging)
and is considered to be an underlying factor in many co-
morbid conditions. Another feature ascribed to HIV infection
is premature immune senescence leading to impaired im-
munity, similar to that observed in biologic aging. Overall, an
improved understanding of the events leading to these age-
related complications will inform additional therapeutic
measures to reduce these morbidities. Although not specifi-
cally discussed in detail in the presentations of this workshop,
generalized activation and upregulation of activation markers
(i.e., HLA-DR and CD38) are well documented on lympho-
cytes in HIV infection and aging. Ongoing and future studies
using more sophisticated profiling of surface proteins, cell
signaling molecules, and molecular signatures will be critical
to define mechanistic and prognostic biomarkers in HIV and
biologic aging.

In old age, as well as in HIV infection, the risk for con-
tracting influenza infection is high. Thus, seasonal influenza
vaccination is recommended for aging individuals and for
PWH, even though effectiveness of the vaccine for clinical
protection is variable. Influenza vaccination can serve as a
useful tool to assess immune competence by analysis of
immune response to vaccine antigens. The cohort FLORAH
(FLu Responses Of people in relation to Age and HIV), in
which PWH and uninfected participants were grouped by age
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as young (<40 years), middle aged (40–59 years), or elderly
(‡60 years) and all PWH were on combination antiretroviral
therapy (cART) with plasma viral load (VL) of <50 copies/mL,
was recently used to address these questions. Serum antibody
responses postvaccination showed the best responses (fre-
quency and magnitude) in young uninfected participants,
whereas a high proportion of old uninfected participants, as
well as PWH of all age groups, were vaccine nonresponders
(VNR).49 Defects of B cells50 and monocyte/macrophages51

and association of inflammation and immune activation with
VNR status52 were also described. Interestingly, there was also
a profound deficiency of influenza-specific and total peripheral
T follicular helper (pTfh) cells in VNR and their pTfh cells
exhibited markers of immune activation. Attempts to improve
pTfh function by measures such as high dose vaccines and
strategies that decrease inflammation could potentially im-
prove influenza vaccine responses and clinical efficacy.

Epigenetics

Several recent studies have demonstrated the utility of
measuring the biological rate of aging using DNA methyla-
tion levels.53 DNA methylation profiles reflect dynamic
epigenetic mechanisms used by cells to control gene ex-
pression and regulate cellular phenotypes. DNA methylation
can be used to define cell types and deconvolute heteroge-
nous cell populations and also regulate viral persistence. In
the context of HIV and aging, DNA methylation of specific
genomic loci across tissues and blood has provided valuable
information about the biological age status of HIV infected
persons and delivered unique insight to potential biological
epigenetic mechanisms of ‘‘accelerated aging’’ compared to
their age matched uninfected counterparts.54 Additional in-
sights indicate that ART does not restore age-apparent DNA
methylation configurations. Furthermore, we have recently
utilized DNA methylation profiling of specific immune cell
populations and identified host cell type specific immune-
epigenetic signatures that distinguish older PWH with cog-
nitive impairment from those with normal cognition relative
to population specific norms.55 These data indicate the utility
of DNA methylation and other potential epigenetic mecha-
nisms to monitor the development and progression of age-
related comorbidities in this vulnerable population.

Unique and composite biomarkers

There is a growing effort within the HIV field to identify
phenotypes and/or biomarkers that may predict clinical ad-
verse events, including fractures or cardiovascular events,
and if these profiles may be unique to PWH or PAWH. For
example, inflammatory cytokines, including IL-6 and IL-1b,
or the monocyte/macrophage markers sCD14 and sCD163
have been linked to CVD risk in both HIV+ and HIV- in-
dividuals, but the mediators that likely drive increased levels
of these markers may or may not be different in these pop-
ulations (low level HIV replication, ART toxicities, increased
dysbiosis and microbial translocation, altered lipid profiles,
smoking, and lifestyle choices).

Composite serologic biomarkers are promising to predict
disease development. Recently 19 serum biomarkers were
evaluated in over 5,000 participants enrolled in the Long-Life
Family Study (LLFS) to generate biomarker signature of
aging. The biomarkers included results from ordinary blood

test such as white blood cell counts or HA1C and well-
established biomarkers of inflammation like IL6 or IGF1,
biomarkers of physical functions like DHEA, and biomarkers
of kidney functions like creatinine levels. One signature was
characterized by lower than average inflammatory markers
and predicted better survival and decreased risk for type 2
diabetes and CVD compared to individuals with normative
molecular aging. Other signatures predicted reduced survival
and higher risk for aging-related diseases. The biomarker
signatures and their predictions were replicated in compara-
ble data from the Framingham Heart Study.30 Serum proteins
have also been more generally associated with aging and
longevity. Some 4,785 proteins measured in serum of 224
centenarians, offspring, and controls from the New England
Centenarian Study using a high-throughput Somascan plat-
form revealed that a substantial number of proteins change
with aging. These two analyses suggest that signatures of
multiple biomarkers can be useful to track various aging
patterns and that there are many so-far unknown circulat-
ing proteins in serum that track aging and could lead to
more specific and sensitive biomarker profiles of aging and
longevity.

Defining mechanisms and biomarkers
for inflammaging

A key point emphasized in the workshop was the need for
future research to better understand mechanistically how the
combination of immune senescence and inflammaging
overlaps to influence the outcome of HIV infection/AIDS in
older adults. Although we generally think of immune se-
nescence as a ‘‘decline’’ in immune response to pathogens,
the chronic low-grade inflammation that occurs in aging also
interacts with HIV (and potentially other coinfections such
as cytomegalovirus (CMV) that can further promote in-
flammation and CVD as HIV patients grow older. Obesity in
aging is known to occur in middle age and older, and PAWH
also have increased visceral adiposity, in part, as side effects
of some antiretroviral drugs. There is a growing appreciation
that traditional lipid measurements (low-density lipoprotein,
high-density lipoprotein, and total cholesterol) may inade-
quately capture dyslipidemia and CVD risk in PWH receiving
ART.56 Members of the Funderburg group57,58 and others59

have recently reported substantial differences in lipid classes
and lipid species in PWH and uninfected populations, even
when traditional lipid measurements between these groups
were not different. These advanced lipid analyses have also
linked alterations in the lipidome to inflammation, monocyte
activation, and atherosclerosis. How these processes interact
to contribute to the high morbidity and mortality in older
HIV/AIDS patients is currently poorly understood. Another
important aspect of inflammaging is the contribution of age-
related gut microbiota to the systemic inflammation in old age.
We need to understand the interplay between altered gut mi-
crobiota in HIV/AIDS and aging, including the role that age-
associated remodeling of the intestinal barrier plays in sys-
temic inflammation in older HIV/AIDS patients.

Future studies need to take advantage of ‘‘pattern recog-
nition’’ approaches using technological advances (mass spec-
trometry multilevel omics, etc.) that can shed light on unique
and overlapping profiles of metabolic changes, immune acti-
vation and inflammation, and functional outputs, which may
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inform the underlying mechanisms of comorbid events in PWH
and uninfected individuals. While ART has extended the ex-
pected life spans of PAWH, ART-related toxicities remain a
concern, even with modern regimens. Understanding the con-
sequences of ART exposure, including effects on mitochon-
drial function and advanced lipidomic and metabolic profiles,
should be explored. Until we gain a better understanding of the
underlying mechanisms that lead to comorbidities (or identifi-
cation of biomarkers that predict nascent complications in ad-
vance of clinical events), implementation of successful
therapies will remain elusive.

Geriatric Research Methods

This thematic reflects views expressed related to methods
and approaches used to evaluate physical decline in PAWH.
Discussion was centered on the utility of geriatric assess-
ments and they being adapted to younger PAWH. There was
consensus in the need to develop better tools for measuring
loss in mass and function. It was unclear whether existing
assessments need to be adapted as disease-specific assess-
ments for PAWH.

Measuring muscle mass, physical performance, and frailty
outcomes are particularly useful for characterizing and as-
sessing intervention effects in older populations with HIV.
Tests such as the Short Performance Physical Battery, 400-
meter walk, 6-minute walk distance, grip strength, Berg
Balance, and others are relatively easy to conduct, whereas
measurement of fitness (VO2peak), muscular isokinetic
strength, gait biomechanics, and cellular and molecular bi-
ology in tissue are more difficult but provide a wealth of
information in this population.

Measuring skeletal muscle loss in PAWH

Muscle loss commonly found in aging populations may be
further compounded by HIV status. Low muscle mass and
function (prevalence of sarcopenia) in PWH is high
(*25%),60,61 and PWH suffer from muscle loss leading to
impaired physical function and ultimately to mobility dis-
ability.62 Furthermore, some report that this may also differ
by sex.63,64 The rate of decline in muscle mass over a 5-year
study period was similar in PWH and controls,64 yet the
frequency of sarcopenia increased over a 7- to 10-year
follow-up in PWH older than 50 years with the progression of
sarcopenia greater in women than men.63 Standardized
physical performance measures allow early detection and
assessment of physical function impairments, as well as as-
sess the effects of interventions aimed at averting physical
decline and preventing mobility disability. Going beyond
traditional research regarding muscle mass in PWH, we can
learn more about the skeletal muscle specifically cellular and
enzymatic activity changes that transpire with the use of
skeletal muscle biopsies. In terms of mitochondrial markers,
older male PWH have reduced oxidative enzyme activity
compared to age-matched controls with 38% and 77% lower
b-hydroxy acyl-CoA dehydrogenase (b-HAD) and citrate
synthase activities, respectively.65 Other key enzymes of
fatty acid oxidation, acyl-coA synthase, and CPT-1 are not
different between male PWH and controls, but skeletal
muscle oxidative stress is increased (H2O2 by 1.4 fold and
oxidized cardiolipin by 1.8 fold). The importance of these
findings is further demonstrated as low oxidative enzyme

activity and high oxidative stress, which are related to fitness
or VO2 peak perhaps suggesting that these tissue changes
may contribute to the accelerated age-associated reduction in
aerobic capacity in HIV. This research is one example of the
mitochondrial changes in skeletal muscle in HIV-infected
adults. However, there is limited information on skeletal
muscle (using muscle biopsies) in HIV+ women, highlighting
a clear research deficit for future studies.

Sarcopenia has been described as the age-associated de-
crease in skeletal muscle mass. However, virtually every
study of sarcopenia has measured lean body mass or fat free
mass (LBM, FFM) rather than muscle mass, specifically. In a
number of published sarcopenia studies, LBM or FFM is
referred to as muscle mass, leading to an incorrect assump-
tion that measuring LBM or FFM is an accurate measure of
muscle mass. As a result, the data on the effects of changes in
LBM or FFM in older populations on outcomes such as
functional capacity, disability, and risk of injurious falls have
been inconsistent resulting in the conclusion that muscle
mass is only weakly related to these outcomes. The D3-
creatine (D3Cr) dilution provides a direct and accurate
measurement of creatine pool size and skeletal muscle
mass.16,66 A subject ingests a capsule with a tracer dose of
D3Cr, which is absorbed and actively transported into all
muscle cells. Creatine is turned over through conversion to
creatinine and excreted in urine allowing a single urine
sample to be used to assess D3-creatinine enrichment and
determine total body creatine pool size and muscle mass
(*98% of total body creatine is found in muscle). In a recent
study in older men [>80 years, Osteoporotic Fractures in Men
(MrOS) cohort], D3Cr muscle mass was associated with
functional capacity and risk of injurious falls and disability,
while assessments of LBM or appendicular lean mass (aLM)
by dual energy X-ray absorptiometry (DXA) were only
weakly or not associated with these outcomes.17 In this study
many of the factors associated with frailty such as slow
walking speed, low PA, and low strength were strongly as-
sociated with D3Cr muscle mass, but not DXA lean mass.
Inaccurate measurements of muscle mass by DXA and other
methods have led to inconsistent results and potentially er-
roneous conclusions about the importance of skeletal muscle
mass in health and disease. PWH over 55 often have a higher
burden of functional impairment and physical frailty,21,67

although some have speculated that sarcopenia is not an
important factor in HIV associated frailty.68 The assessment
of skeletal muscle mass using the D3Cr dilution method in
prospective cohort studies in PWH may reveal sarcopenia as
a powerful risk factor for low levels of PA, weakness, risk of
falling and hip fracture, and disability.

Methods for measuring physical function

Gait speed. Slow gait speed is an independent predictor
of morbidity, disability, institutionalization, and mortali-
ty.32,33 Assessments of gait speed include the 6-min and
400 m endurance walking tests,69 and the 4 m at usual pace,
which is a measure of functional performance.70–72 More-
over, the inability to walk 400-m73 or gait speed <1.0 or
<0.8 m/s.

The short physical performance battery. The short
physical performance battery (SPPB) score includes the 4-m
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walk, tandem stand test, and 5-time chair rises, providing an
excellent assessment of lower extremity function,74 and is a
strong predictor of future disability. It is particularly useful in
lower functioning persons.75 Clinically meaningful changes
in physical performance measures have been defined and are
used as target outcomes in clinical trials.76,77 For example,
the Lifestyle Interventions and Independence for Elders
(LIFE) study found that, compared with health education, a
structured PA intervention significantly improved the SPPB
score and 400 m speed in a clinically meaningful manner78

and also prevents the onset of major mobility disability.34 In
the T-Trial, supplemental testosterone improved self-
reported mobility measure, as well as the 6-minute walk
distance. These data show that the standardized physical
performance measures are modifiable in older adults with
various interventions.

Free-living PA. Changes in physical function with aging
have been linked to the onset and progression of disease,32,79

as well as increased risk of disability and death.32,75,80 Recent
evidence has supported the use of physical function measures
among PWH to help distinguish differences in ‘‘normal’’
versus ‘‘accelerated’’ aging by HIV serostatus.21,24,42,81

PWH have shown accelerated rates of decline in both grip
strength and gait speed, with greater risk of reaching clinical
thresholds of ‘‘weakness’’ and ‘‘slowness’’24,42 and eventual
frailty.22,82 Yet to truly disentangle the mechanisms con-
tributing to these accelerated rates of decline, a better un-
derstanding of the preclinical physiological underpinnings is
warranted. Measures of laboratory-based energy expendi-
ture—from resting to peak exertion—and free-living PA
using accelerometers have been utilized in the general aging
population to differentiate variations in energy utilization
and PA by health status28,83–85 and subsequent resilience to
functional decline with aging.86–88 Application of such
measures to PWH may help identify new opportunities for
earlier intervention in the spectrum of functional capabil-
ity, preserving mobility and reducing risk for frailty and
disability.

Application of geriatric assessment of frailty to HIV

PAWH who have mitochondrial dysfunction, potentially
due to HIV infection and/or ART, as well as impaired pe-
ripheral oxygen uptake or oxygen diffusion capacity, often
have lower testosterone, increased prevalence of neuropathy,
and elevated self-reported fatigue. A clinical consequence of
these underlying biological processes is frailty, which is el-
evated in PWH. Frailty reflects a vulnerability to stressors
and is most commonly defined by either a phenotype (frailty
phenotype of slowness, weakness, shrinking, fatigue, and low
activity)89 or a burden of health deficits as comorbid condi-
tions (frailty index).90 Multiple prior studies have found that
physical function impairments and frailty may occur in both
an accelerated and accentuated manner among PWH com-
pared to uninfected controls.22,24,42,91,92 Among older adults,
assessments of frailty and physical function provide a mea-
sure of ‘‘biologic’’ aging that may differ considerably from
chronologic age in PWH. Factors that may be relevant to the
disconnect include comorbidities, chronic inflammation, so-
cial stressors, and resiliency.

Incorporation of frailty assessments can inform care in
multiple ways: (1) early identification of impairments, so that
earlier interventions can prevent decline in physical function.
The intervention that has been shown to be most effective in
improving physical function and preventing frailty is PA.
Several studies have shown that exercise or PA improves
measures of strength or exercise endurance in younger pop-
ulations of PWH,93,94 with recent studies by our group and
others also demonstrating improvements in physical function
outcomes, such as time to rise from a chair and 400-m
walk.25,95–99 PAWH have an excellent physical function re-
sponse to exercise, similar to if not greater than uninfected
controls.25 (2) Frailty assessment can guide clinical care
decisions. A frail or markedly impaired individual with
multiple comorbidities is likely to experience more risk than
benefit with interventions such as cancer screening; this in-
formation can inform discussions on goals of care.100 (3)
Physical function measures can be incorporated into inter-
ventions in HIV-related studies to determine the clinically
relevant impact. For example, a recent study of a senolytic
agent among older adults with pulmonary hypertension found
an improvement in physical function markers, but not
markers of inflammation.101 Ultimately, physical function or
frailty assessments may serve as a more clinically relevant
‘‘biomarker’’ with a clear target for intervention and impact
on clinical decision making in PAWH.

Physiologic frailty and polypharmacy in people aging
with and without HIV infection

Polypharmacy typically begins when an individual is on
five or more medications. It is of general concern because it is
strongly associated with poor health outcomes, and rates
doubled from 1999 to 2011.102 For those aging with HIV,
polypharmacy is of particular concern because it typically
occurs 10 years earlier than for those aging without HIV
infection,19 PAWH have a greater burden of physiologic
frailty, and antiretroviral medications interact with a number
of common nonantiretroviral medications.103

The study of polypharmacy, however, and how its associ-
ated harms might be mitigated is challenging. Observational
studies are limited due to concerns regarding confounding by
indication or channeling bias.104 One approach that holds
some promise is careful adjustment using an established
prognostic index such as the VACS Index 2.0.105 By ad-
justing for physiologic effects of multimorbidity we may
begin to disentangle indications for multiple medications
(multimorbidity) from adverse effects of polypharmacy.

Preclinical decline and asynchronous aging in HIV

Among those younger or middle aged with HIV infection,
a current challenge in HIV care is identifying preclinical cues
for risk of functional decline as they grow older. Ideally,
studies on preclinical risk would be comprehensive and ob-
tain concurrent physical function, immune, and muscle
phenotyping to gain mechanistic insight into potential drivers
of functional decline and potential accelerated age-related
pathways. One such study discussed in the workshop, the
MATCH cohort study, is composed of asymptomatic PAWH
and uninfected controls, all 50–65 years of age, recruited
from the Boston metropolitan area. In this cohort, there were
modest deficits in gait speed, stair climb power, without
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deficits in leg power or strength among PWH compared to
age-matched seronegative controls. Histological assessment
of muscle fiber type did not reveal differences or increased
size variability (both of which are expected with muscle
aging106). There was an unexpected increase in internalized
muscle nuclei that are more often seen with a more advanced
age.107 Also observed were reduced levels of nuclear PGC-
1a, suggesting compromised bioenergetic pathways, poten-
tially influencing exercise tolerance. Collectively, certain
features of aging were present but not others, suggesting
asynchronous or segmented aging, rather than an accelerated
pace of biological aging pathways. Provocatively, among
male participants in the MATCH cohort, there were minimal
differences in gait speed, despite elevated fatigue. However,
using accelerometry in a follow-up study, volitional gait
speed by activity tracker was significantly reduced compared
to the uninfected participants.26,27 Consistent with this obser-
vation, male PWH spent significantly more time in the lowest
quartile of PA compared to the seronegative controls.26

Collectively, asymptomatic PWH on effective ART were
characterized by subclinical deficits in physical function,
greater levels of fatigue and estimated mortality risk (by the
VACS Index), elevated inflammation and immune activation,
and increased skeletal muscle internalized nuclei with de-
creased PGC-1a. Differences by HIV serostatus on volitional
but not laboratory-based gait measures and activity profiles
characterized by more time spent at lower activity levels
suggest potential limits on functional reserve. These data
suggest that activity profiles may be useful as presymptom-
atic digital biomarkers of functional decline. Future studies
should distinguish the trajectory of aging in PWH compared
to aging without HIV and seek to identify biological and bio-
behavioral risk factors apparent before clinical presentation
of physical function impairment or frailty.

Priorities in HIV and Aging as Identified
by the Community

This thematic reflects patient reported priorities and health
care disparities. Discussion was centered on racial and ethnic
disparities, gender, and support services. There was consen-
sus that more emphasis needs to be placed on PROs and QoL,
given increasing life span of PAWH.

Racial and ethnic disparities

In the United States, *47% of PWH are 50 years and
older, the majority of whom are Black/African American or
Latino.108 Black and Latino individuals living with HIV have
higher rates of HIV-related morbidity and mortality than
older adults of other racial and ethnic groups.108 Among non-
HIV-infected Black and Latino individuals, higher rates of
functional decline and disability with aging have been
documented.109,110 Among Black and Latino PWH, aging is
further complicated by HIV-related stigma resulting in lim-
ited social engagement, social isolation, and depressive
symptoms.111,112 These factors, in addition to well-described
demographic and structural challenges faced by aging Black
and Latino PWH (e.g., poverty, unstable housing, and sub-
optimal neighborhood resources), lend themselves to a
patient-centered, community-engaged understanding of ag-
ing. Future research directions identified through the panel
discussion regarding racial/ethnic disparities include:

(1) According to the CDC, fewer Black PWH had sus-
tained virologic suppression, which can adversely
affect their health outcomes and pose a risk for HIV
transmission to others. The racial/ethnic differences
in sustained virologic suppression were present across
all sex, age, and transmission categories.108 What
more needs to be done to promote racial and ethni-
cally targeted retention in care, adherence, reduce
structural barriers etc., among older individuals living
with HIV to overcome these persistent findings?

(2) Black and Latino individuals over 50 years old are,
respectively, 13 and 5 times more likely to receive
an HIV diagnosis than are White Americans. What
is driving this disparity? Underestimation of per-
sonal risk, increased biologic vulnerability (among
women increased risk for HIV during penetration
potentially due to differential rates in vaginal and
cervical thinning that occurs during menopause),
greater availability of sexual partners through the
internet, or less focus on older populations in pre-
vention efforts?

(3) Has the gender disparity in life expectancy (de-
scribed below) differentially impacted women by
race or ethnicity? In an analysis of data from the
Women’s Interagency HIV Study (WIHS), Murphy
et al.113 noted that Black women were twice as
likely as white women to experience adverse HIV
clinical outcomes, specifically death from AIDS
even after adjusting for multiple potential con-
founding characteristics, including illicit drug use,
depressive symptoms, and adherence. Additional
studies confirming these findings and examining
structural factors and behavioral and potentially bi-
ologic factors that were not explored in this analysis
should be undertaken.

Gender disparities

One of the key areas of research in the context of HIV and
aging needs to be women aging with HIV. Obviously, this
includes gynecologically-focused concerns such as the
management of human papillomavirus (HPV) and when to
stop screening for breast and cervical cancer. However, there
are other areas that are of equal importance that are consid-
ered less often when discussing women’s health.

Since 2006, highly effective ART in once-daily formu-
lations has led to improved survival among PWH. Life ex-
pectancy, however, has not improved equally in men and
women: a growing body of research suggests that HIV+ men
live longer. This is in marked contrast to the general pop-
ulation where women live longer than men. In a 2017 study
of HIV+ and uninfected men and women in British Co-
lumbia, at age 20 years, the life expectancy of women living
with HIV (WLWH) was 5 years less than men living with
HIV (29 vs. 34 years; p < .001). The uninfected women in
the study, however, lived for almost 5 years longer than the
uninfected men.114 While this is the most dramatic evidence
of how WLWH are disadvantaged in terms of life expec-
tancy relative to men, it is not a unique finding. This finding
suggests that there are a number of important research gaps
that need to be addressed. First, we need to understand what
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the most common causes of mortality among WLWH are. In
particular, we need to explore the role that domestic vio-
lence plays in early death among women. In the WIHS,
French et al. found that between 1995 and 2004, the most
common cause of non-AIDS-related death among study
participants (all women) was trauma and self-harm. Con-
tributing factors included the high prevalence of depressive
symptoms, physical abuse, and the ongoing vulnerability
associated with poverty and substance abuse.115 In contrast,
the ART Cohort Collaboration (ARTCC), in a study that
was primarily (73%) men, found that violent death (7.8%)
was the fourth most common cause of death behind non-
AIDS malignancies (11.8%), non-AIDS infections (8.2%),
and CVD (7.9%).116

We also need to understand whether this difference in
survival is the result of disparities in access to care between
men and women? Research out of Kaiser suggests that men
have significantly greater linkage to HIV care, ART pre-
scription, and viral suppression than women in 2010–2011,
but these differences in linkage to care did not persist.117

Substance use may also be an important contributor to
earlier death in WLWH relative to men. We know that an
equivalent amount of alcohol has a more negative impact on
women than on men.118 We also know that alcohol has a
more negative impact on PWH than on uninfected compar-
ators.119 A key question is whether there is an interaction
between alcohol use and HIV that makes alcohol particularly
dangerous for WLWH. Similar questions need to be asked
about smoking. As trends in injection drug use change with
the increase in opioid use will we note higher increases in
new HIV infection among men and women? We know that
women who use drugs are faced with multiple issues, which
enhance their vulnerability to HIV, including sex work,
stigma, discrimination, and violence.

Multimorbidity and polypharmacy may also have differ-
ential impacts on women versus men. Research from the
ALIVE cohort suggests that WLWH have higher rates of
multimorbidity than men.120 There is ample evidence to
suggest that pharmacokinetics are different in women than in
men. We need to understand whether these differences con-
tribute to an increased risk of adverse events and thus to a
shorter life expectance in WLWH compared with men.
Comparisons need to be made both in non-antiretroviral
(ARV) medications and in ART.

In addition to issues related to life expectancy, women in
the general population do less well than men on issues of
health-related QoL. Specifically, women experience higher
rates of falls, disability, frailty, and functional disability
than men. So not only do we need to work to lessen gender
disparities in terms of life expectancy, we also need to work
with our patients to determine how best to optimize QoL
and to be sure that QoL for WLWH is on par with that of
men.

Need for holistic comprehensive care

Even though many PWH who are over 50 years old are
virologically suppressed, there are many psychosocial, mental
health, and comorbid medical issues that have led to reductions
in QoL. According to PWH who participated in the community
panel, HIV is not at the top of their hierarchy of concerns.
Psychosocial issues include isolation, fear of rejection, and

persistent stigma (homophobia, HIV related stigma, both
perceived and enacted), particularly within communities of
color. Mental health issues include depression, anxiety, post-
traumatic stress disorder, and cognitive decline. Medical issues
(discussed elsewhere during the meeting) include diabetes,
hypertension, and cancer, as well as many other illnesses as-
sociated with aging. Thus, there is a desire for more holistic
comprehensive care that includes HIV, but not to the exclusion
of these other important concerns.

Holistic comprehensive care should include services that
are often deemed to be ancillary but are central to QoL for
PAWH. Care should include behavioral and cognitive di-
agnostic screenings and educational workshops on topics
such as smoking cessation and cardiovascular health. Social
interaction should be facilitated given the overwhelming
isolation that PAWH experience. People may no longer see
HIV as a major health issue, but stigma associated with
living with HIV can be detrimental and lead to isolation and
depression. Some people living with HIV of all ages are
fearful of socializing due to stigma. In addition, among
older individuals living with HIV survival fatigue can foster
isolation and lack of socialization. The weight of stigma and
the feeling of being forgotten can be agonizing. Develop-
ment of a positive and uplifting media campaign focused on
how PAWH are actually living might be useful. One pan-
elist described the concept of ‘‘hope literacy,’’ which is just
as important as ‘‘health literacy.’’ Social engagement and
one-on-one interaction with other PAWH may help to fa-
cilitate wellness and ‘‘hope literacy.’’ In addition, panel
members discussed the need to seek input from PAWH in
regard to the development of research questions, clinical
trial/research design, and the dissemination of study find-
ings. Researchers should be encouraged to visit with PWH
in their own communities to learn about the issues that they
truly face. This action would demonstrate that older indi-
viduals living with HIV are valued.

Priorities for HIV and Aging Studies
as Identified by the NIH

The closing session was convened to hear perspectives of
NIH program staff on NIH priorities related to HIV and ag-
ing. Discussion centered on program announcements and
multifactorial comorbid conditions in PAWH. There was
consensus that multiple opportunities exist but that more
needs to be done to harmonize efforts across institutes and
study sites.

In the early 1980’s, multiple NIH institutes began to
sponsor HIV/AIDS research. By 1985, NIAID was the lead
NIH sponsoring institute. However, because HIV/AIDS is a
multiorgan, multisystem disease, research priorities quickly
exceeded the mission of any one institute. More recently,
there has been a substantial investment in aging research
programs by the NIA. Past program announcements have
included Program Announcement Reviewed by an Institution
(PARs) and Request for Applications (RFAs) investigating
a broad range of studies directly related to aging and HIV,
including: Multidisciplinary Studies of HIV/AIDS and
Aging; Pathogenesis of Age-Related HIV Neurodegeneration;
as well as investigator-initiated mechanisms. Multiple institutes
contribute to support CFARs, of which HIV & Aging is a major
research focus, and NIH also supports studies through the
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Multicenter AIDS Cohort Study (MACS)/Women’s Inter-
agency HIV Study (WIHS) Combined Cohort Study. A brief
description of HIV-related interests expressed by NIH insti-
tutes presenting at the workshop is shown in Table 1.

Conclusions

While dramatic advances have been simultaneously made
in the biology of aging and in HIV treatment, there remains
the need to identify mechanistic drivers of biological aging
in the context of HIV infection. Furthermore, there remains
a need to develop muscle mass and function assessment
tools and biomarkers that reflect differences in the trajectory
of life histories among PAWH compared to uninfected
persons. Finally, more emphasis needs to be placed on
patient-reported outcomes and QoL, as well as increased
awareness of geriatric approaches, and the inclusion of input
from PAWH when developing research priorities going
forward.
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