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THE AGING POPULATION WITH HIV INFECTION

EDWARD J. WING, MD

PROVIDENCE, RHODE ISLAND

INTRODUCTION

When I was a junior faculty member at the University of Pittsburgh
in the 1980s, one of my first HIV-positive patients was a priest who
worked in Chicago. He developed chronic weight loss, visual problems,
and cognitive changes, and as a result came home to be with his family.
When I saw him, he was wasted, demented, and essentially blind from
cytomegalovirus retinitis. He died several months later and, as you can
imagine, his family was devastated. This occurred before accurate test-
ing for HIV and before any antiretroviral agents was available. I have
cared for HIV patients ever since and have seen dramatic changes in
the manifestations and prognosis of this viral illness. Now, rather than
watching patients die as in the early years, I have had what seems like
the almost miraculous experience of seeing my patients living normal
lives on antiretroviral therapy.

As the years have passed, many of my patients are becoming older
and now face the issues of aging. For a more complete discussion of HIV
and aging, please see my recent article “HIV and Aging” published in
the International Journal of Infectious Diseases (1).

EPIDEMIOLOGY

The first cases of HIV in the United States were recognized in 1981.
The early years of the epidemic saw a steady increase in the number of
diagnoses and deaths as shown Figure 1. In a report of the first 1,000
cases of HIV in the United States, the average age was 34 years and
almost all patients could be classified in one of the following groups:
men who have sex with men; intravenous drug abusers; and Haitian
natives or patients with hemophilia (2). The cases were centered in
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New York and California with smaller numbers in New Jersey and
Florida. The principal markers for the disease were Kaposi’s sarcoma and
Pneumocystis carinii pneumonia. Other infections and tumors occurred
as a result of the immunodeficiency associated with HIV including
Toxoplasma gondii encephalitis, Cryptococcus neoformans meningitis,
Cryptosporidiosis colitis, Candida albicans mucosal disease, mycobac-
terial disease, Herpes virus infections, non-Hodgkin’s B cell lymphoma,
as well as wasting and dementia. The mortality rate at the time of the
report in 1983 was 39%. We now know that in untreated patients the
time to the development of full blown AIDS from initial infection is
7 years to 10 years and the time to death after that is 1 year to 2 years.
The early history of the AIDS epidemic was graphically and tragically
described in The Band Played On by Randy Shilts published in 1987.

In the mid-1990s, combination, highly effective antiretroviral ther-
apy (ART), usually consisting of a three-drug regimen, became widely
available in the United States, and the death rate decreased dramati-
cally as shown in Figure 1. The number of cases of AIDS decreased
as well since treatment was started before the full manifestations
of HIV occurred (3). The cause of death also changed as the rate of
AIDS-defining infections and tumors decreased and other illnesses
such as cardiovascular disease and liver disease became more promi-
nent. As a consequence, the number of people living with HIV (PLWH)
increased steadily.
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Fic. 1. The number of HIV cases and diagnoses in thousands from 1985 to 2009 in the
United States (From Longo, Fauci, Kasper, Hauser, Jameson, Loscalzo, eds. Harrison’s
Principles of Internal Medicine, 18th Edition, New York, McGraw Hill, 2012).



AGING POPULATION WITH HIV 133

Despite this dramatic change, the mortality rates and life expectancy
of PLWH never returned to that of the general population. Mortality
rates plateaued at 2- to 7-times that of the general population and
the calculated life expectancy ranged from 10 years to 20 years less
than the uninfected population (4-9). Of interest for this discussion,
in subpopulation analyses, those with a CD4 count >500 cells/pL. and
a suppressed viral load on ART had a life expectancy that approached
the uninfected population (9).

The demographics of the HIV epidemic have steadily changed over
the past 20 years (10). In addition to the original risk groups, the num-
ber of women and children with HIV has increased. Furthermore, of
the world’s estimated 38.8 million PLWH, 10% are now older than 50
years of age. Of the US’s 1.4 million PLWH, 50% are now older than
50 years of age (11), and by the year 2030, in 14 years, it is estimated
that 70% of the PLWH in the United States will be older than 50
years of age. The primary reasons for this demographic shift are the
effectiveness of antiretroviral drugs as well as accurate testing and
early diagnosis. In addition, the complications of HIV such as cardio-
vascular disease are being recognized and treated earlier. Adding to
the elderly population are the 18% of newly diagnosed patients older
than 50 years of age (12).

COMORBIDITIES

Oftentimes now, the HIV-positive patient faces the challenges of
aging. These include chronic comorbidities such as cardiovascular dis-
ease, osteoporosis and fractures, renal disease, chronic neurological
disease, malignancies, liver disease, and metabolic syndrome as well as
geriatric syndromes and frailty. Of great interest to patients and physi-
cians caring for them is the very strong evidence that these comorbidi-
ties in HIV patients occur at increased rates at all ages compared to
the uninfected population.

For example, a large cohort, cross-sectional study at VA hospitals
showed a 50% increase rate of myocardial infarction in HIV-infected
veterans compared to uninfected veterans (13). Age and risk factors
such as smoking and hypertension were controlled for and all HIV-
positive patients were on ART. Interestingly, the risk was increased
50% at all ages and did not seem to increase with time of infection.
Whereas some of the older antiretroviral drugs were associated with
cardiovascular risk, such as protease inhibitors and abacavir, newer
drugs including the integrase inhibitors have much less if any risk.
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Similar risks for cardiovascular disease have been noted in other large
studies, although in one recent longitudinal study, the risk seems to
have decreased in recent years, perhaps as a result of more aggressive
preventative therapy such as the use of statins (14). The risk for stroke
is similarly increased (15).

Patients with HIV are at risk for osteoporosis and fractures (16,17).
Cross-sectional studies from Denmark showed a 3-fold increase in the
rate of fractures in HIV patients compared to uninfected patients (18).

Chronic renal disease is common in patients with HIV and is often
multifactorial (19,20). Risk factors for renal disease in HIV patients
include hypertension, diabetes mellitus, black race (particularly HIV
nephropathy), low CD4 count, high viral load, and use of tenofovir. A
recent reformulation of tenofovir, tenofovir alafenamide, has less renal
and bone toxicity and is available in newer combinations of antiretro-
viral drugs.

Dementia, which was a dreaded complication of HIV in the pre-ART
era, is now far less common. HIV-associated neurocognitive disease
(HAND) refers to both symptomatic and asymptomatic neurocognitive
changes found in HIV patients in the ART era. A recent study from
the MAC cohort found an overall prevalence of HAND of 33% with
asymptomatic, minor, and dementia forms of HAND of 14%, 14%, and
5%, respectively (21). As long as patients were on ART, there did not
seem to be consistent progression of disease.

Malignancies as a whole have decreased in incidence in the ART era
(22-24). As would be expected, Kaposi’s sarcoma and non-Hodgkin’s
B cell lymphoma have become much less frequent although they are
still far more common in the HIV population than the uninfected
population. Rates of lung cancer and virally related cancers now
account for an increased percentage of all cancers. Lung cancer has
increased absolutely, probably as a result of the increased smoking
rates in PLWH. Viral-related tumors such as hepatocellular carcinoma
(hepatitis C and B) have increased and are a major risk for HIV patients
(25). Similarly, human papillomavirus — related cancers including
cervical, anal, and oral cancer are increased in the HIV population.

Hepatitis C in combination with HIV confers an increased risk for
PLWH for cirrhosis and hepatocellular carcinoma. Curative oral treat-
ment for hepatitis C has revolutionized the outlook for patients dually
infected with hepatitis C and HIV and is now in widespread use (26).
PLWH also appear to be at increased risk for cirrhosis and hepatocellu-
lar carcinoma from fatty liver and nonalcoholic steatohepatitis. Alcohol
abuse, which occurs at significant rates in HIV-positive populations,
adds to the risk for liver disease (27).
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The rates of metabolic syndrome and diabetes mellitus were increased
in the pre-ART era and are increased in the obese HIV-positive popu-
lation (28,29). Complicating previous studies has been the tendency
of older antiretroviral drugs to cause dyslipidemia, insulin resistance,
and lipoatrophy. Perhaps the biggest risk now for metabolic syndrome
and diabetes in the HIV population is obesity. Obesity rates in PLWH
approach the rates in the US population with more than 25% of the
population having a body mass index (BMI) >30 kg/m? or greater.
Obesity itself confers independent risks for hypertension, cardiovascu-
lar disease, and cancer as well as for insulin resistance, metabolic syn-
drome, and diabetes mellitus. Optimizing approaches to the treatment
of obesity in the HIV population is an important research priority.

Finally, PLWH are more at risk for geriatric syndromes and frailty
than the non-HIV population (30,31). Geriatric syndromes include
falls, urinary incontinence, difficulties with activities of daily living,
sensory deficiencies including eyesight and hearing, and frailty. Frailty,
which can be defined by weight loss, exhaustion, decreased strength,
decreased walking speed, and decreased activities, confers risk for mor-
bidity, hospitalization, and death. Whether frailty can be stabilized or
reversed by interventions such as exercise is being actively explored.

HIV providers, including myself, are increasingly facing the issues
of aging when caring for PLWH. The principles developed in Geriatric
Medicine are now applying to a large portion of HIV patients. Guide-
lines and recommendations for the care of aging patients with HIV have
been published (32,33). These include recommendations for treatment
of HIV as well as for prevention and treatment of comorbidities.

DOES HIV ACCELERATE AGING?

“Does HIV make me age faster?” or “Am I going to die earlier because
of HIV?” are questions I often hear from my patients. This question
of accelerated aging due to HIV is controversial and there is evidence
on both sides of the issue (Table 1) (34). Evidence against accelerated
aging includes the subgroup analysis referred to previously indicating
that PLWH on ART who have a CD4 T cell count of >500/pL. and an
undetectable viral load have a mortality rate and calculated life expec-
tancy that approach those of the uninfected population. If HIV alone
accelerated aging, all infected patients would be expected to have a
shortened life expectancy. In addition, risks for comorbidities are simi-
lar (for example, 50% increase in risk for cardiovascular disease) at
any age. If the risk were related to an accelerated aging, then it would
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TABLE 1.
Does HIV Accelerate Aging?

Evidence against Mortality rates and calculated life expectancy approach normal if
CD4 >500 and VL undetectable on ART

Comorbidity risk similar at all ages

Age-related processes including prostate and breast cancer and
hearing loss not increased

Evidence for Mortality rates increased and calculated life expectancy shortened
on cross-sectional population-based studies

Increased rates of comorbidities, geriatric syndromes, and frailty

Evidence for accelerated aging as determined by abnormalities in
certain biological mechanisms of aging

Abbreviations: VL, viral load; ART, antiretroviral therapy.

increase over time (for example, from 50% increase to higher rates of
increase). Finally, illnesses or defects that increase with age, such as
prostate and breast cancer or hearing loss, would be expected to be
increased in HIV patients. They are not.

Arguments for accelerated aging caused by HIV include the increased
mortality and shortened calculated life expectancy noted in numerous
large cross-sectional controlled studies. The post-hoc subgroup analy-
sis referred to in the previous paragraph may be skewed in favor of
unknown factors favoring the subgroup over the general population.
Similarly, the rates of comorbidities are increased in general in PLWH,
in particular geriatric syndromes and frailty — conditions strongly
related to aging, risks for morbidity, and mortality. Finally, PLWH
have been shown to have increased biomarkers of aging compared to
uninfected patients.

MECHANISMS OF AGING

Table 2 shows some of the major biological mechanisms of aging
outlined in a classic article “Hallmarks of Aging” by Lopez-Otin et al
(35). Aging is one of the most intensely investigated and rapidly
evolving areas of biology research today. Many mechanisms have been
investigated in organisms ranging from yeast to worms, flies, verte-
brates, and mammals. Although many processes have been elucidated,
there is no integrated, overarching theory of aging to date. Mechanisms
in Table 2 labeled with an asterisk have been shown to be altered
in PLWH.
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TABLE 2.
Mechanisms of Aging

Altered intercellular communication
e.g., inflammation and lack of immune regulation*

Genomic damage

Telomere shortening*

Epigenetic changes™

Abnormal proteostasis

Altered nutrient sensing, GH/IGF-1/Insulin pathway™*
Mitochondrial dysfunction™®

Cellular senescence*

Stem cell exhaustion

*Aging process known to be affected adversely in PLWH.
Abbreviations: GH, growth hormone; IGF-1, insulin-like growth
factor 1; PLWH, people living with HIV.

The most intensely investigated is the altered intracellular com-
munications exemplified by increased inflammation and decreased
immune regulation. Patients with HIV have been shown to have low-
level chronic inflammation even when the CD4 count is >500 and the
viral load is suppressed. Biomarkers such as interleukin 6, D-dimer,
C-reactive protein, and sCD14 are elevated (36-40). The causes of
increased inflammation include low-level viral replication (including
HIV itself and herpes viruses such as cytomegalovirus) (41,42) loss of
immune regulation, immunosenescence, and microbial translocation
in the gut (43). Low-level inflammation can also be shown in aging
uninfected patients but at older ages than HIV patients. Clinical trials
using the anti-inflammatory properties of statins and methotrexate
are underway in an attempt to counteract the aging process in HIV
patients. Decreased immune regulation results from the decreased
number of CD4 T cells and the increased percentage of immunosenes-
cent CD8 T cells (see below).

Telomeres are terminal DNA-protein complexes that protect chromo-
somes but shorten with aging with each chromosomal replication and
are thus a marker for biological age. Telomere length has been shown
to be shortened in HIV patients compared to uninfected people (44).
Epigenetic alterations in DNA and histone methylation patterns are
an additional biomarker for aging. Such alterations potentially affect
such basic biological functions such as the transcription processes.
Patients with HIV have been shown to have an increase in epigenetic
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methylation patterns in both blood and brain corresponding to aging
accelerated by at least 5 years (45).

Patients with HIV appear to have abnormalities in the growth
hormone/insulin-like growth factor 1 (IGF-1)/Insulin (GH/IGF-1)
pathway. This pathway is one of the most conserved aging pathways,
and nutrient deprivation has been shown to lengthen lifespan in
representative organisms from yeasts to mammals. Patients with HIV
have been shown to have increased insulin resistance and in some
studies increased rates of the metabolic syndrome and diabetes
mellitus. Manipulation of the pathway to stabilize the aging process
is under intense investigation and includes drugs such as rapamycin.
Rapamycin affects several aging pathways, but can directly affect the
GH/IGF-1 pathway and extend life in animals.

Aging results in progressive mitochondrial dysfunction (secondary to
mitochondrial DNA mutations and increased free radical production)
bringing about decreased respiratory efficiency (46). Certain antiretro-
viral drugs appear to contribute to increased aging by increased clonal
expansion of mitochondrial DNA mutations thus affecting mitochon-
drial function. Drugs such as metformin may counteract decreased
mitochondrial function, and thus counteract the accelerated aging
process.

Cellular senescence occurs through telomere shortening or other
mechanisms resulting in an inability of cells to regenerate. In PLWH
there is decreased telomere length (44) and an increased percentage of
senescent CD8 T cells (CD57+CD28-) (47). These cells are unable to
react to new antigens and are themselves proinflammatory contribut-
ing to the aging process.

Each of these mechanisms may contribute to accelerated aging in
PLWH. As mentioned, there is intense interest in pharmacological
approaches to stabilizing the aging process in HIV patients. Drugs
such as statins, methotrexate, rapamycin, and metformin have all been
used or proposed to be used in clinical trials.

A PRESCRIPTION FOR YOUTH

Out of interest, I have included a picture of one of the longest lived
individuals in history, Jean Calment, who lived to 122 years, passing
away in 1997 (Figure 2). Shown is Ms. Calment on her 121st birthday.
She ascribed her long life to olive oil, port wine, and 2.5 pounds of
chocolate/week, an equivalent of 25 Hershey bars/week. We don’t know
if these shortened or lengthened her life.
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years.

long life: Olive oil, port

Fic. 2. Jean Calment.

In Summary:

1. The mortality of patients living with HIV decreased dramatically
in the mid-1990s due to ART. Correspondingly, calculated life
expectancy increased.

2. Fifty percent of PLWH in the United States are now older than 50
years of age, and by 2030 70% will be older than 50 years of age.

3. The rate of comorbidities is greater in PLWH compared to

uninfected people.

Low-level inflammation is increased in PLWH.

Whether HIV accelerates the underlying mechanisms of aging is

controversial and an area of active research.

ouk
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DISCUSSION

Zeidel, Boston: Wonderful talk and you point out a population that we are all taking
care of and maybe not paying attention to. I guess the question that comes up is: Is it
the HIV, is it the drugs they are on, or the other five things that these folks have which
related to how they got the HIV that relate to some of these changes? Are studies under-
way where we can try to tease those out so we understand more about the population
you describe?

Wing, Providence: Yes, so Mark, that’s a very good question. There are articles writ-
ten on trying to develop control groups for HIV studies. And it’s difficult. There are many,
many factors which potentially distinguish the HIV population. The best cross-sectional
studies take into account as many things as they can, but there’s always the question of
what’s the difference.

Michael Gershon, New York City: Are there any studies, perhaps with animals,
that can distinguish whether the problem is long-term living with HIV infection, or
long-term living with the drugs that are used to treat HIV infection?
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Wing, Providence: So, the initial drugs were very toxic. They had many toxicities
associated with them and some of them like lipodystrophy change the risk for cardiovas-
cular disease seen in early studies. The newer studies, which include drug classes like
the integrase inhibitors, and should include formulations of drugs like tenofovir, which
don’t have as many metabolic effects. The Drug therapies are always in the background
as a potential problem in terms of analyzing the data.

Michael Gershon, New York City: But those studies could be mimicked in animals.
In other words, without the HIV virus you could give the drugs that are used to treat
people with HIV to animals who have much shorter live spans than humans do, and
perhaps get an idea as to whether they accelerate problems of aging such as mitochon-
drion damage.

Wing, Providence: That’s a good point and there are also models of animals infected
with HIV. They’re not perfect but they could be studied.

Calkins, Baltimore: I was fascinated by your talk. Can you clarify the link between
HIV and coronary disease, atrial fibrillations, and other common cardiac conditions?

Wing, Providence: So, there’s a clear association with increased risk for a variety of
cardiac conditions that include vascular disease, coronary artery disease, cerebrovascular
disease. There’s an association with the myocardial stiffness. And the myocardium itself
can be infected by the virus as can vasculature. There’s a lot of evidence that there are
direct connections between the HIV virus and the myocardium and vascular structures.

Olds, Granada: Wonderful talk Ed....I was going to ask you maybe a more political
question about HIV. We have a history when we do a good job with an illness to kind of
let up on the efforts surround that. We did that in tuberculosis back in the 50s and it
came back to become a problem. I'm a bit concerned that now that HIV is much better
managed, that a lot of the political commitment may be reduced. HIV is going to continue
to be a major health problem in our country, but perhaps the Ryan White Funds, the
special funds that were partially responsible for our success, could go on to support
the latest disease.

Wing, Providence: I think that’s accurate.... we still have 50,000 new cases of HIV
in the country every year. We have an aging population with the issues that I mentioned
are becoming very important. Eighty percent of the diagnoses of HIV are in sub-Saharan
Africa where there is much less of a commitment and much fewer resources. And you’re
right about the politics. And one of the issues that the NIH has tried to deal with is if we
are spending too much money on HIV research and HIV programs. There’s a real push
away from HIV at the moment....so, good point.

Barondess, New York City: I have what’s almost a philosophic point I suppose. But
it does have some practical implications. We tend to use the terms disease and illness
interchangeably but they actually refer to two related but quite distinct kinds of phe-
nomena I would suggest. You can see a disease as a biological phenomenon and illness
as a subjective experience frequently caused by disease but not always. And if you think
further, then it’s possible to have a disease without being ill which is the objective of
therapy for much of how we manage the common, the leading causes of death of chronic
diseases that are hyperendemic now. It does make a difference in terms of therapeutic
clarity if not fundamental research objectives. We should consider this as we manage and
perform research on many chronic, hyperendemic conditions.

Wing, Providence: Very interesting point. You know, one thing to keep in mind about
HIV is the typical cascade as we diagnose maybe 80% of all patients with HIV. Which
means we don’t diagnose 20%. We bring into therapy maybe another 20% or 30% and
then only about 30% or so are actually have suppressed viral loads. So we don’t do a good
job of managing the illness and the disease. So again, it’s a national problem.
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Merajver, Ann Arbor: I'm curious about your opinion as a practicing physician in
the HIV population. The impact of treatment and prevention with HIV in international
circles is considered a landmark condition for prevention. With discordant couples,
we treat the uninfected partner; what has been your experience with “treatment for
prevention”™?

Wing, Providence: Right....so, 've had experience in Africa — we have a program
in Kenya where it was almost like going back in time to treat people with HIV. When
I first went there, there was no therapy at all. No therapy for infected people, no therapy
for people with AIDS, no pre-exposure prophylaxis, no treatment of discordant couples.
And that’s changed with the PEPFAR (The President’s Emergency Plan for AIDS Relief)
money and with international money. That money has plateaued by the way and there is
still a tremendous need. But the treatment of individuals where the viral load comes down
to almost undetectable or is undetectable basically prevents the spread of the illness. It’s
critical, it’s part of the epidemiological efforts to control HIV and that’s particularly true
in Africa so prevention efforts have had a huge impact.





